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ABSTRACT 

This document presents a transcript of the hearing to 
examine undergraduate science education in relation to the 
traditional and nontradi tional sources of future research scientists. 
Two specific aspects of the topic were identified for examination: 
(1) successful methods of science education employed at small liberal 
arts schools; and (2) what can be done to increase participation of 
underrepresented groups in science. The Subcommittee heard testimony 
from 10 witnesses representing small colleges successful in producing 
mathematics and science majors and in increasing the participation of 
underrepresented groups in science. Testimony: (1) highlighted 
aspects of the Project Kaleidoscope report; (2) pointed out tne poor 
state of science and mathematics education in the United Status today 
and discussed four initiatives for undergraduate studies that might 
help rectify that situation; (3) cited the apprenticeship model of 
education and the work ethic of traditional small liberal arts 
college students as reasons for their success in supplying future 
scientists; (A) attributed the success of undergraduate institutions 
in developing future scientists to the participation of the students 
in undergraduate research that stimulates student iiterest in 
science; (5) discussed undergraduate and minority high school studeut 
research projects that contribute to the interest in science careers; 
(6) discussed the contributions of historically black colleges in 
providing future scientists; (7) discussed strategies to attract 
members of underrepresented groups into science; (8) addressed the 
issues of recruitment and retention of women in science; (9) 
discussed collaborative efforts with universities and schools to 
attract girls and minorities into science; and (10) discussed the 
National Science Foundation's role in Project Kaleidoscope. Prepared 
statements and other supplemental materials submitted by the 
witnesses are included. (MDH) 
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TRADITIONAL AND NONTRADITIONAL SOURCES 
OF FUTURE RESEARCH SCIENTISTS 



House of Representatives, 
Committee on Science, Space, and Technology, 
Subcommittee on Investigations and Oversight, 

Washington, DC. 

The committee met, pursuant to notice, at 9:30 a.m., in room 
2325, Rayburn House Office Building, the Hon. Howard Wolpe 
(Chairman of the subcommittee) presiding. 

Mr. Wolpe. The hearing will come to order. 

Today the Subcommittee on Investigations and Oversight will ex- 
amine undergraduate science education as we look at traditional 
and nontraditional sources of future research scientists. There are 
few today that need to be convinced of the desperate state of sci- 
ence and math education at all levels in this country. We simply 
are not producing a sufficient number of students in science, and 
those we are producing often do not have a quality science educa- 
tion. 

Now, more than ever, science and math education are vital to 
the future of our country. Quality science education is necessary to 
provide the professional and technical expertise critical to the con- 
tinued advancements in such fields as health care, energy, econom- 
ic competitiveness and environmental protection. In addition, we 
must enable our country's citizens to deal responsibly with an in- 
creasingly technical society. 

The Science Committee, of course, has had a longstanding inter- 
est in science education. In recent years, the Science Committee 
has held numerous hearings and enacted legislation on various as- 
pects of science, math and engineering education at all levels: pre- 
college, technical, undergraduate, and graduate. Our revitalized ef- 
forts at all these levels are important. 

Undergraduate schools are strategically positioned to impact 
both pre-college and graduate education. Undergraduate schools 
supply outstanding students to graduate science programs. They 
can also improve pre-college science education by supplying better 
qualified teachers. 

The undergraduate years represent a crucial time in a student's 
education, since it is during the undergraduate years that future 
scientists, college faculty, and teachers are recruited and educated. 

In this hearing, in order to provide some focus, we will examine 
two specific aspects of undergraduate science education. First, we 
will look at successful methods of scieflfce education employed at 



THURSDAY, JULY 11, 1991 



(1) 




2 



the small liberal arts schools, which traditionally have been 
sources of outstanding science undergraduates. 

These predominantly undergraduate schools produce math and 
science baccalaureates at a rate which is three times that of the 
national average. Graduates of these schools go on to earn Ph.D.s 
in math and science at a rate over twice the national average. 

At a time of declining science enrollment, it is imperative that 
we support and expand vital undergraduate science efforts such as 
those found at these colleges, 

Secondly, we want to learn what can be done to increase the par- 
ticipation of underrepresented groups in science. These underrepre- 
sented groups, which include African Americans > Hispanics, Native 
Americans, and women, are nontraditional sources of science stu- 
dents. By failing to draw adequately on these groups, we are losing 
out on a growing pool of diverse talent. 

Testimony today will highlight the recently-released Project Ka- 
leidoscope report, which addresses these two aspects of undergradu- 
ate science education. Project Kaleidoscope is an in-depth study de- 
signed to analyze and make recommendations on strengthening un- 
dergraduate science and math education. The stud*' was funded in 
part by a grant from the National Science Foundation and in part 
by private foundations, including the Kellogg Foundation, 

The Project Kaleidoscope report recognizes the leadership role 
the NSF has played in setting priorities for undergraduate educa- 
tion. Certainly, the NSF has a number of commendable programs 
addressing this issue. However, in light of the troubled nature of 
science and math education, we must question whether current ef- 
forts are sufficient. 

Project Kaleidoscope is the most recent, but certainly not the 
only, report of this nature to have appeared on undergraduate sci- 
ence education. The goal of this hearing is not simply to hear about, 
yet another report and its recommendations, but instead to come 
away from this hearing with a concrete plan of action for urgently- 
needed changes in policies and programs to strengthen undergrad- 
uate science education. Such an actioi* plan will be directed to- 
wards NSF initiatives, since it is the NSF that must take the lead 
in this area. 

Before turning to our opening statements this morning, I want to 
express my concern about the attitude of certain officials of the 
National Science Foundation who have responded rather defensive- 
ly in recent days to legitimate oversight activities of this subcom- 
mittee. 

Specifically, I refer to questions that the subcommittee has 
raised with the NSF about management of the Reseaich in Under- 
graduate Institutions program. This is a subject that has been actu- 
ally highlighted in the Project Kaleidoscope report. It is highlight- 
ed in the testimony of several of the witnesses we will be hearing 
from today. 

When we learned from one of these witnesses that NSF had abol- 
ished its office for managing RUI, the subcommittee immediately 
sought information from the Foundation on the status of RUI. Al- 
though the Foundation did supply us with some documentation on 
this decision, documentatron which we will be reviewing later this 
morning, one NSF official had a very different reaction. 
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Dr. Joe Danek called subcommittee staff, not to discuss a sub- 
stantive policy management question, but rather to probe whether 
the subcommittee learned of these changes from an NSF employee. 

Although as I said earlier, we learned of this matter from our 
own witnesses, I am very disturbed by Dr. Danek's response, which 
seemed aimed at cutting off communication between the committee 
and NSF on a subject which the committee has had a longstanding 
interest. He seemed more concerned with this bureaucratically de- 
fensive mentality, rather than solving the problem that is the sub- 
ject of this inquiry today. 

I will be raising this matter later with Dr. Williams of the Foun- 
dation when he testifies on behalf of the Foundation. I want to re- 
ceive his assurance at that point that free and open communication 
between the committee and NSF personnel will in fact be respected 
and protected. 

[The prepared opening statement of Mr. Wolpe follows:] 
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OPENING STATEMENT OF REP. HOWARD WOLPE 
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Good morning, I welcome all of you to this uorning'o hearing. 
Today, the Subcommittee on Investigations and Oversight will examine 
undergraduate science education as we look at Traditional and Non- 
traditional Sources of Future Research Scientists. 

I don't need to convince this audience of the desperate state 
of science and math education at all levels in this country. We are 
not producing sufficient numbers of students in science, apd those 
we are producing often do not have a quality science education. 

Now, more than ever, science and math education are vital to 
the future of our country. Quality science education is necessary to 
provide the professional and technical expertise critical to continued 
advancements in such fields as health care, energy, economic competi- 
tiveness, and environmental protection. In addition, we must enable 
our country's citizens to deal responsibily with an increasingly tech- 
nical society. 

The Science Committee has of course had a long-standing interest 
in science education. In recent years, the Science Committee has held 
numerous hearings and passed legislation on various aspects of science, 
math, and engineering education at all levels: precollege, technical, 
undergraduate, and graduate. While revitalized efforts at all of these 
levels arc important, undergraduate school.' arc strategically position- 
ed to impact both precollege and graduate education. Undergraduate 
schools supply out s t anding ' s tuden t s to graduate science programs; they 
can also improve precollege science education by supplying better qual- 
ified teachers. The undergraduate years represent a crucial time in 
a student's education since it is during the undergraduate years that 
future scientists, college faculty, and teachers arc recruited and ed- 
ucated . 

In this hearing, in order to focus in some detail on concrete rec- 
ommendations for actions, we will narrow the very broad topic of science 
education to examine two specific aspects of undergraduate science ed- 
ucation . 

First, we will look at successful methods of science education em- 
ployed at the small, liberal arts schools, which traditionally have been 
sources ot outstanding science undergraduates. These predominantly un- 
dergraduate schools produce math and science baccalaureates at a rate 
which is three times that of the national average. Graduates of these 
schools go on to earn Ph.D.'s in math and science at a rate over twice 
the national average. 

In a time of declining science enrollment, it is imperative that 
we support and expand vital undergraduate science efforts such as those 
found at these colleges. 
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Secondly, we want to learn what can be dono Co increase the par- 
ticipation of underrepresented groups in science. These underrepresented 
groups, which include African Americans, Hispanics, Native Americans, 
and women, are nontradl tio nal sources of science students. By failing 
to draw adequately on these groups, we are losing out on a growing pool 
of diverse talent. 



Testimony today will highlight the recent ly- re leased Project 
Kaleidoscope report, which addrcoseo these two aspects of undergraduate 
science education. Project Kaleidoscope is an in-depth study designed 
to analyze and make recommendations on strengthening undergraduate sci- 
ence and math education. The study was funded in part by a grant from 
the National Science Foundation and in part by private foundations, in- 
cluding the Kellogg Foundation. 

The Project Kaleidoscope report recognizes the leadership role 
that the NSF has played in setting priorities for undergraduate educa- 
tion. Certainly, the NSF has a nuraber of commendable programs addross- 
ing this issue. However, in light of the troubled nature of science 
and math education, we must question whether current efforts are suf- 
f icicnt. 



Project Kaleidoscope is the most recent, but certainly not the 
only, report of this nature to have appeared on undergraduate science 
education. The goal of this hearing iB not simply to hear about yet 
another report and its recommendations, but instead to come away from 
this hearing with a concrete plan of action for u rg on t 1 y - n ceded changes 
xn policies and programs to strengthen undergraduate science education. 
Many of these action plans will be directed toward NSF initiatives 
since US F muBt take the lead in this area. 



We are looking forward to exploring this issue with the experts 
we have invited here today and using their insights to formulate spe- 
cific recommendations for actions to strengthen undergraduate science 
cduca t io n. 



before we move on to other opening statements, I must express my 
concern about the attitude of certain officials of the National Science 
Foundation, who have been very defensive about legitimate oversight ac- 
tivities of thiB Subcommittee in recent days. 

Specifically, I refer to questions that the Subcommittee has about 
management of the RUI (Research in Undergraduate Institutions) program. 
Project Kaleidoscope highlighted the importance of this program. So 
does the testimony of several of our witnesses today. When we learned 
from one of these witnesses that NSF had abolished its office for man- 
aging RUI, the Subcommittee immediately sought information from the 
Foundation on the status of RUI. Although the Foundation did supply us 
with some documentation on this decision documentation which we will 
be reviewing later this morning one NSF official had a very different 
reaction. Dr. Joe Danok called Subcommittee staff not to discuss a sub- 
stantive policy and management question, but to probe whether the Sub- 
committee learned of these changes from an NSP employee. Although, as 
I said earlier, we learned of this matter from our witnesses, I am very 
disturbed by Dr. Danek's response, which seemed aimed at cutting off 
communication between the Committee and HSF on a subject on which the 
Committee has had a longstanding interest. 

I will raise this issue later this morning with Dr. Williams of 
the Foundation. I want to get his assurance that free and open com- 
munication between the Committee and NSF personnel will be re«pected 
and protected . 
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Mr, Wolpe. I should indicate that— you "have hoard the bells just 
now—- we have a rather important Democratic caucus taking place 
this morning. After I offer an opportunity to Mr. Nagle and Mr, 
Sensenbrenner to make any opening remarks they might care to 
make by way of opening statements 

Mr. Sensenbrenner, I have no opening statement. 

Mr. Wolpe. Mr. Nagle? 

Mr. Nagle. I have no opening statement. 

Mr. Wolpe. In a moment, then, I will be recessing the hearing to 
allow the Democratic members to record their votes in a quorum. 
We will not await the conclusion of the caucus, we will be getting 
the hearing underway in 10 or 15 minutes. But we will have to 
recess one more time to allow us to record our votes in the leader- 
ship race that is taking place this morning. 

With that, I think the best thing to do would be to actually 
recess at this point, and we will be returning momentarily. 

[Recess.] 

Mr. Wolpe. The hearing will resume. I would like to invite our 
first panel of witnesses to come forward to the table. 

Our first panel will present the findings and recommendations of 
Project Kaleidoscope with regard to undergraduate science educa- 
tion at the small liberal arts schools. In this hearing we would like 
to find out from this panel how these schools produce such a high 
percentage and high quality of science and math graduates, and 
how some of these strategies might be adopted at other schools. 

We also hope to learn how to make Federal efforts, especially 
those of the National Science Foundation, more effective in pro- 
moting the programs of these institutions. 

We will be hearing from Dr. Daniel Sullivan, President of Alle- 
gheny College in Meadville, Pennsylvania. He served as Chair of 
the Executive Committee for Project Kaleidoscope. He will be fol- 
lowed by Dr. Timothy Light, President of Middlebury College in 
the State of Vermont. 

Our next witness will be Dr. Michael Doyle, Professor of Chemis- 
try at Trinity University in San Antonio, Texas, and a Founder of 
the Council on Undergraduate Research, the Editor of the Council 
on Undergraduate Research Newsletter, and a member of the 
Project Kaleidoscope Advisory Committee. 

I will reserve introduction of our last panelist, Dr. James Swartz, 
for Congressman Nagle, who will be returning very shortly. 

As you know, in order not to prejudice any past or future wit- 
nesses, it is the policy of the committee to swear all witnesses in. 
Does anybody have any objection to being sworn in? If not, will you 
all please stand and raise your right hand. 

[Witnesses sworn.] 

Mr. Wolpe. I want to remind all the witnesses that because of 
time constraints we are asking that everyone stay within the five- 
minute time frame for their oral presentations. Your entire written 
statements will be entered into the record, of course. But in light of 
the large number of witnesses we will be hearing from today, it is 
important that we try to stick to that time limit in order to provide 
sufficient time for questions. 
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We also have a little timer here which will ding in a little less 
intrusive way than my pounding the gavel on you, but we hope 
when you hear the ding you will conclude your remarks. 

Without objection, there will be photographs taken at this hear- 
ing. 

With that, let me invite our first witness, Dr, Sullivan, to begin 
his testimony. 

TESTIMONY OF DR. DANIEL F. SULLIVAN, PRESIDENT, ALLEGHE- 
NY COLLEGE, MEADVILLE, PA; CHAIR, PROJECT KALEIDO- 
SCOPE EXECUTIVE COMMITTEE 

Dr. Sullivan. Mr. Chairman, members of the Subcommittee, my 
name is Dr. Daniel F. Sullivan. I am President of Allegheny Col- 
lege in Meadville, Pennsylvania. I am pleased to have this opportu- 
nity to speak to you about Project Kaleidoscope. 

For the past two years, I have served as Chair of the Executive 
Committee of Project Kaleidoscope which, as you indicated is a Na- 
tional Science Foundation sponsored panel of college presidents, 
academic deans, and faculty from liberal arts colleges all across the 
country, convened to identify what works in science and mathemat- 
ics education and to recommend an action plan for reform of the 
undergraduate portion of our badly underperforming system of sci- 
ence and mathematics education in America. 

Our report, "What Works: Building Natural Science Communi- 
ties," was presented to Dr. Walter Massey of the National Science 
Foundation exactly one month ago. I have summarized its essential 
conclusions in the written testimony in advance of this hearing. 
The report speaks powerfully to the issues on your agenda today. I 
would be happy to discuss any and all parts of it in response to 
your questions. 

What is not in the report, and what I would like to focus on is 
how the issue of quality science and math education looks to the 
president of a liberal arts college, and in particular how involve- 
ment of a college like mine with the NSF leads over time to strong- 
er and stronger teaching and learning in science and math. 

We know that what works in science and math education is 
learning that is hands-on, active, investigative and experiential, 
where the curriculum is rich in laboratory experiences, steeped in 
the methods of scientific research as it is practiced by professional 
scientists, and where students and faculty work together in the 
learning community. 

This kind of science and math education does not just happen, as 
is obvious from its absence in so many undergraduate institutions. 
It must be consciously sought and planned for by faculty and ad- 
ministrators. There must be a vision and a plan pursued over a 
great many years. Presidential leadership and commitment is vital. 

One of the most critical kinds of presidential leadership involves 
linking the college with its local concerns and needs to national re- 
sources and needs. The National Science Foundation is for our col- 
leges perhaps the most significant national resource, not just 
through the funding it provides, but more importantly through the 
ongoing peer review which results from participating in its grant 
competitions. 
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Let me illustrate with this past year's experience at Allegheny. 
We were fortunate this year to receive funding for four of the five 
proposals we submitted to NSF under the Instrumentation and 
Laboratory Improvement Program, ILL One of these funded pro- 
posals, involving the introduction of a laboratory method of teach- 
ing calculus allowed us to equip an additional laboratory with a 
cluster of NEXT workstations. Next year, all calculus teaching at 
Allegheny will take place in hands-on laboratories, where faculty 
will act essentially as coaches rather than lecturers. 

We have learned through several years of experimentation that 
this approach succeeds better with our students than traditional 
forms of mathematics teaching. 

But this proposal took three years to be successful in the NSF 
competition. The first year involved exploratory conversations with 
NSF staff, who taught us where the research front is nationally 
with respect to this kind of teaching innovation, and put us in 
touch with key people at other institutions. 

In the second year, we submitted our first proposal and were un- 
successful. However, the feedback on our proposal brought our fac- 
ulty into closer contact with where the action is nationally. We 
were learning all the time, innovations from other institutions 
were diffused and tested against our own experience, and our ap- 
proach was improved and refined. 

The equipment money we have received for our successful second 
attempt is terrific. The long-term impact of being brought into the 
club in this area of mathematics pedagogy will in my judgment be 
even greater. 

The NSF undergraduate education programs do this over and 
over with a large number of institutions, each receiving a handful 
of relatively small grants. It is the primary way NSF exerts a form 
of leadership and enters into a partnership deeply respectful of 
local campus dynamics. 

The NSF, after all, cannot do science and math education for us, 
and it cannot just tell us what to do. But it can and does exert sig- 
nificant leverage in support of a theory of science and math educa- 
tion on which there is now a strong national consensus, by rein- 
forcing thoughtful local initiatives. 

We at Allegheny have benefitted in this way, not just from the 
ILI program, but from NSF grants supporting our efforts to intro- 
duce a focus on science and math teaching preparation into our ex- 
isting teacher preparation program and from a major NSF facili- 
ties grant that has allowed us to renovate completely our psycholo- 
gy laboratories. In each case, engagement with the peer review 
process was like commissioning an external departmental program 
review. 

In my view, existing practice and existing programs in under- 
graduate science and math education within NSF are pretty close 
to the mark. For the most part, the right programs are in place. 
They remain significantly underfunded. 

There is occasionally the temptation to seek grand global models 
and solutions by funding huge demonstration projects at a small 
number of institutions. I believe such an approach is a snare and a 
delusion. 
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Just as active learning is what we wish our students to experi- 
ence, so do we support and encourage active learning on the part of 
the faculty at the incredibly diverse undergraduate institutions 
that make up America's higher education landscape. 

I would be pleased, as I indicated, to respond to the questions of 
the subcommittee about the Project Kaleidoscope report and re- 
spectfully thank you for inviting us here to speak with you. 

[The prepared statement of Dr. Sullivan follows:] 
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Mr. Chairman and Members of the Subcommittee : My name is Dr. Daniel F. 
Sullivan. I an President of Alleghany College in Meadville, Pennsylvania, and I 
an pleased to have thta opportunity to apeak to you on behalf of Allegheny 
College, our aiater institutions within the Asaociated Collegea of the Midwest 
(ACM) , the Great Lakes Colleges Aaaociation (CIXA) , the Central Pennsylvania 
Consortium (CPC) , and Project Kaleidoacope. 

For the past two years I have aarved as Chair of the Executive Committee of 
Project Kaleidoacope, a National Science Foundation-sponsored panel of college 
presidenta, academic deans, and faculty convened to identify what works in 
science and mathematics education and to recommend an action plan for reform of 
the undergraduate porcion of our badly underperforming system of acience and 
mathematics education in America. Our report, "What Works: Building Natural 
Science Communities," w«a preaented to Dr. Walter Maaaey of the National Science 
Foundation exactly one month ago. The report speaks powerfully to the theme of 
this hearing, "Traditional and Nontraditional Sources of Future Research 
Scientist!. " 

It is important to note right st the outset, Mr, Chairman and Members of 
the Subcommittee, thaC Project Kaloidoacope came into being at the initiative of 
the National Science Foundation. Kaleidoscope is sn example of s growing 
recognition by NSF thmt its powerful and visible leadership, not just its money 
for research and education, must be brought to bear if our performance as a 
nation in science and mathematics is to improve . We need the NSF to take a 
strong role in setcing the benchmarks for quality in science and mathematics 
education, and to pull the community together in order to move forward 
systemstically. We need the collegea and universities of America to acknowledge 
their responsibility to be essential partners in the national effort to address 
the challenges we face in science and mathematics. The colleges are prepared to 
play their rols; we know the NSF is committed to playing its essential role. 

The NSF has come a long way since the disastrous science education policies 
of the esrly 1980s. Interagency coordination of science and mathematics 
education policy, under the auspice? of the Committee on Education and Human 
Resources of the Federal Coordinating Council for Science, Engineering, and 
Technology (FCCSET), has perhapa never been better. For the most part, the right 
programs are in place. In crucial respects, they remain significantly 
underfunded, making the task of improving science and mathematics education for 
all Americana a difficult one. 

We know from dozens of reports and studies during the past six years that 
this nation has deep-seated problems of equity, quality, and quantity in science 
and mathematics education: 

- There is an alarmingly low level of scientific and technological literacy 
in the general population. 

- There is a projected critical shortage of well-educated scientists, 
mathematicians and engineers. 

- There are severe inequities in the access of minorities and women to 
science and mathematics fields. 
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Several indicators ahow clearly the distreaaing state of science and 
mathematics education in Aaerica: 

~ National asaesamenta show that only about 7% of U.S. adults and 20% of 
college graduate* are literate in science. 

- The number of entering college freshmen planning to major in one of the 
physical science* declined by 61% in 16 years, from 7.3% in 1967 to 2.4% in 1983, 
and since that time the percentage has remained level. 

• The percantages of Ph.D.'s in mathematical and physical sciences awarded 
to Americana haa declined significantly in the laat thirty years. These 
percentages are now less than 70% in the phyaical aciences, 50% in mathematics, 
and 45% in engineering. 

- Whereas Blacks comprise 12% of the population, they receive only 4% of 
the sclenca and engineering baccalaureates and 2% of the doctorates. 

It is clear from these and other data that U.S. aclence and mathematics 
education ia undarperforming serioualy. 

In Project Kaleidoscope we focused our attention on a group of colleges ■• 
the liberal arts colleges of America •• where the pattern is remarkably different 
from the national data. We sought to understand what works in these colleges, 
and then formulated a national action plan based on our understanding. 

Carnegie clasilf lcat j^n, l iberal Arts I colleges out perform all oth&r Carneg ie 
categories In the production of scie nce and mathematics aaicrs and graduates who 
ichltve a Ph.D. In science or eathamatlca . 

The first point that needs to be nade •- and made emphatically -- is that 
the nation's liberal arts colleges, especially the 140 colleges in Carnegie 
Classification Liberal Arts I, are aajor players in the production of scientists 
and mathematicians. As institutions we are typically small in size, but our 
commitment to a veil-rounded education -- including significant exposure to 
natural science and mathematics -- and our approach to teaching, attract and keep 
students in science and «a thematic a. The facts are these: 

• Over the past thirty years America's liberal arts colleges have produced 
science and mathematics baccalaureates at a rate over throe times the national 
average. With only 3% of the nation's undergraduate enrollment, Liberal Arts 1 
institutions award 10% of the nation's total baccalaureate degrees in the natural 
sciences and mathematics. This 10% equates to an absolute number of science and 
mathematics baccalaureates that is greater than the number produced hy Carnegie 
Classification Research I Universities, the nation's top research universities. 
It is not uncoBDon to find liberal arts colleges graduating more toajjrs in 
science or mathematics than nearby universities that are ten times larger. At my 
own college Allegheny and over a fifty year span of time, 25% of graduating 
seniors have aajored in a natural science or mathematics field, and in several 
years in the last decade we graduated more chemistry majors than all of Penn 
State University. 
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- Compared Co all other types of colleges end universities, libera), arts 
colleges are also high producers of woman, Black and Hispanic natural science and 
mathematics baccalaureatea. 

- Graduates of the liberal arte college* eem Ph.D. 'a In science and 
mathematics at over twice the national average (twelve per thousand as compared 
to six per thousend on average), and their worsen greduates earn science and 
mathematics Fh.D.'s at a rat* higher than Is the case for other college and 
university catsgoriea. 

- In my state, Pennsylvania, 15% of the baccalaureate degrees are awarded 
by Independent liberal arts colleges, but 19% of the degrees In science and 
mathematics are earned by liberal arts college graduates; 31% of the Fh.D.'s In 
science or mathematics earned by graduates of Pennsylvania colleges or 
universities ere earned by liberal arts college graduates; and 47% of the 
graduates of Pennaylvanla colleges or universities In the National Academy of 
Sciences earned their degreea at Pennaylvanla liberal arts colleges. 

The record Is clear. Something special happens to science and mathematics 
students In the nation's liberal arts colleges. These colleges are a pump rather 
than a filter In tha scientific manpower pipeline. Liberal arts Institutions 
need to be at the table when science education policy Is made. We have much to 
contribute to the solution of America's underperformance In science and 
mathematics. 

What accounts for the differential productivity of the liberal arts 
colleges In science and mathematics? The purpose of Project Kaleidoscope was to 
answer Just that question ** to discover and clearly communicate what works tn 
science and mathamatlca education. 

What works Is learning thet 1» active, hands-on. Investigative, and experiential. 
whert the curriculum Is rich In labora tory experiences, ateeoed In the m ethods of 
scientific riiearch as it li practiced b T professional scientists, and where 
ftudsnti and faculty irork together in a 1 e arning community. 

Liberal arts colleges are peaces where teaching end research come together 
In practice as well as in theory, where senior professors are actively engaged in 
clasaroom and laboratory teaching, and where the commitment to teaching is 
supported by Institutional procedures related to hiring, tenure, and promotion. 
They are distinguished by educational environments that offer students small 
classes and regular study groups. Many of these institutions offer students 
plentiful opportunities to work one -on-one with faculty, a curriculum that 
strives to be lean but lab«rlch, and abundant opportunities for hands-on 
research. Because of their traditions, size, and lack of bureaucracy, these 
institutions can aerve as testing grounds for new approaches to teaching and 
learning: they have flexible curricula and faculty who break away from 
established disciplinary norms. 
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Yh« am gfiimaa courses m imagttotiafl 

The best collage science courses, from introductory to advene ed levels, are 
conceived end run in e partially inves tigetive mode. Inveatigation, the natural 
arena for using and solidifying one's knowledge, uy be sunifest in open* ended 
laboratory and library projects or in mil raee«rch projects ms.de available to 
students. The personal end social attributes of learning science in en 
investigative Mode extend to the whole of the student's experience. Having 
professors in undergraduate laboratories all Allegheny science faculty teach 
introductory science courses with laboratories, for example -- means that they 
gat to know their etudents and their capabilities exceedingly well. This close 
contact is important in the process of becceiing a scientist. 

Fall Access to College Facllltlea and Resources is Eaaential 

In libarel arts colleges students typically have access to science 
librariae, compute re, laboratories, instruments, class materials, study ereas, 
end class snd seminar rooms twenty- four hours a day, seven days a week. The 
greet pedagogical payoff of having a science building occupied and used by 
students at all hours is that they develop a learning community. Advanced 
students help beginners learn how to function efficiently; the student network 
disperses knowledge of where materials are, how instruments work, what is in the 
library, how to use computers, and who is expert on what. Host importantly, 
students receive the kind of feedback that engenders the confidence and 
inqulsltlveness of a secure identity. 

The Curriculum Should Be Lean and Lab -Rich 

Science as practiced in liberel arts colleges is generally lean in number 
of courses offered and in formal requirements for the aajor. A student aspiring 
to a career tied to the major will fulfill requirements for that career as 
interest quickens. The crucial thing is to get the student to start aspiring, to 
enter on the process of learning the discipline. This end is best served by 
introductory courses that involve investigation and by streamlined requirements 
for the major; elaborate majors that anticipate every contingency by requiring 
arrays of lock-step courses are recipes for depopulated departments. Faculty in 
liberal erti colleges generelly concentrate, therefore, on making a limited 
number of courses superb, well-integrated, and important rather than laboring to 
creete e varied menu of courses that provide an exhaustive survey of the 
discipline . 

In summery, science instruction at liberal arts colleges is a case of "less 
being nore." There is less formal content in the curriculum, less total 
expertise and specialization in the faculty, and perhaps fewer holdings in the 
library and the instrument rooms. There is, however, more exposure of students 
to real science: to the research- like modes of taking initiative, figuring 
things out, working with others, asking questions and discussing, making things 
work, using the library, and thinking and writing critically about procedures and 
results. Science learning in liberal arts colleges is more frequently active 
learning, not passive learning. That is why more of our students begin and 
complete mejor studies in science and mathematics. 
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Given this understanding of whet works In undergraduate science end 
mathematics education, what initiatives must rsceive the highest priority in the 
next five years? Project Kalsldoscops rscossMnds four critical initiatives, each 
of which requlrss active commitment and leadership on the part of tht National 
Science Foundation, oversight of which Is the responsibility of this subcommittee 
of the House Committee on Sclsncs, Space, and Technology. 

Where to start: initiatives which aust receive the hlitheat priority In the next 
five Tears. 



I3XTIATI7X 1. REFORMING THE INTRODUCTORY COURSES IN UNDERGRADUATE SCIENCE AND 
MATHEMATICS . 

*Rscommsndation #1: The FY 1983 NSF Budget Request for Instructional Laboratory 
Equlpnent be Increased to $33 million, with a continuing focus on introductory 
courses. 

*Recosa»sndatlon #2: The FY 1993 NSF Budget Rrquest for Course end Curriculum 
Development Include an $18 million outlay for local improvements in Introductory 
courses at colleges and universities, In addition to the outlay for coaprshens ive 
programs. 

*Rs commendation #3: These programs be housed, along with their budget authority, 
within USEME, with sn administrative structure that addresses the need to 
coordinate programs and policies with the research dlrectorstes . 

The transformation of introductory courses must be NSF's highest 
undergrsduate priority over tho next five years. A significant body of research 
end our own experience confirms that the first year of college is the point of a 
critical drop-off In numbers of students in science and aathematlcs courses. 

Students acquire and confirm lifelong beliefs and attitudes about science 
and aathematlcs in their introductory courses. This is where they nake the 
decision whether or not to major in these fields, whether or not to take further 
courses, whether or not it is important to bo llterste on science Issues. When 
these courses are dull, consisting mainly of lectures and canned labs, when they 
keep students isolated and passive, and press on at breakneck speed for the sake 
of "coverage," when they are too big and fsculty tseabers ore unwilling to support 
each student's progress, they slam the door on the positive attitudes toward 
science. The final formal experience of learning science is often one of 
frustration and failure. Courses lobelod introductory turn out to be tormlnsl. 

Our own experience validates that the introductory course can be a pump 
insteod of a filter. Introductory courses can give first-year students the 
pleasure of discovery and the opportunity to construct personal understanding of 
science and mathematics at a critical stage in their ecademlc career. 

The recommended funding levels given above are consistent with those in the 
Neal Report; they address the demonstrated Interest at the local level to 
strengthen undergraduate programs, and they establish a more equitable balance in 
NSF support for research and education programs. 
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Several hundred proposals, requaeting over $200 million, vera submitted Co 
NSF for the first competition of the expanded Course end Curriculum Program, 
•xcludlng proposal* In Calculus and Engineering. The available funds chrough 
USEHE, for all disciplines, was $14 allllon. A similar level of Interact le 
evldenc in the I rucruc clonal Laboratory Improvement (ILI) program, where eech 
year propoeale reviewed requaec almoet four tlmee Che funds available froa NSF. 
Ve are particularly concerned Chac the College Science laproveuenc Program (CSIP) 

che ILI component for predominantly undergraduate lnatitutlona hae been 
level funded for Che peat three years. 

Ve ask the NSF to consider a new program for departmental developnenc of 
lover -dlvia Ion coureea -- one Chac would include eupporc for Instrumentation , 
developmenC time and e up pi lee for new curriculum, and faculty e spam Ion and 
enrichment opportunlclee. Such a new program would emphasize again Che Incegral 
relaclonshlp of sach of Che pares of the undergraduate academic experience in 
eclence and maChemaClce. Moreover, it would eeCablleh a means by which ..\e 
experlencee and reecurcee of predominantly undergraduate Institutions can serve 
ae model e for ecrengthenlng under graduate eclence end machemaclcs. 

In all of cheee programs, one criterion In determining granCe ehould be the 
inpact that an award will have on attracting and susCalning studenc lnceresc in 
science and maChematlce. A more targeted focus on coureee for eclence literacy 
for all atudente should be announced, perhape eupporced jolnCly between che NSF, 
Che National Endowment for che Human It lea, and the Fund for Che Improvement of 
Post -Secondary Education. We under e tend chac Che HSF, the NEH and FIPSE have 
juat begun euch an Initiative. Ve applaud It. The means by which the impact of 
the proposed projects would be evaluated and by which chelr acclvlcles would be 
dleeemlnated co Che larger communicy ehould aleo be a review cr leer ion. 

Parallel Co che recommendations of adequate funding levele and expanded 
programs, we recommend that che NSF eeCablleh a budgec line lcem for these 
programs, and hold a single office eccounceble for coordinating cho dlecrlbuclon 
of granc funds. Va recognize NSF'e currenc reClonale for croee-dlrectorace 
programs; however, funds •cargeced* within reeeerch direcCoraces for 
undergraduaCe programs have ofcen become che flrsc caeualcy when eva liable funds 
for research ere noc adequate. If we are to move with all deliberate speed to 
echleve che cssenclal reformation in IncroduccoCy courses ac Che undergreduace 
level, che re- muse be within NSF a strong, highly visible office where these 
programs are initiated, Integrated and coordinated. Va believe chac office 
should be USEHE. 

INITIATIVE II. SUPPORTING THE INTEGRATED TEACHER/SCHOLAR ROLE OF UNDERGRADUATE 
SCIENCE AND MATHEMATICS FACULTY. 

*RecommendaCion #4: The NSF Research Experlencee for Undergraduaces (REU) 
program be expanded so that more aCudante from llberel erce inaCltuCiona can ba 
provided che opportunicy co do research ac chelr home insClcucions and Co allow 
REU Supplemencs to be used flexibly to support student- faculty research in 
predominantly undergraduate Institutions, eepecially for Chose groups 
underrepreeenCed in science. 
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*Re commendation #5: The HSF programs for undergraduate faculty supporting 
professional growth, including rasssrch and other scholarly activity, be 
strengthened and broadened. 

Tha hands-on, discovery-bassd, laboratory-rich approach we advocate 
raquiraa that teaching faculty ba actively engaged in scholarship. Faculty 
active in scholarship foster a culture that enhances the community of learners; 
these faculty are often the sjost productive leaders In curriculum reform and 
laboratory improve sent efforts, locally and netionall; Faculty active in 
scholarship ara the most effective role models for etv nts, end feculty-student 
research partnerships have been shown over and over to be a critical pump in the 
career pipeline, The distribution of ravised Important Notice #107, which 
requires reseerchers to document tha "...effect of the proposed research on tho 
infrastructure of science end engineering. .. * was a welcome step in recognizing 
that teaching and research should ba integreted ectivitles in the nation's 
collages and universities. 

We strongly support the REU program. However, because of the level of 
funding, only a email fraction of Site awards presently cen bs used to support 
students at their own institutions. This hee dlecoureged significant numbers of 
highly qualified departments at undergraduate institutions from applying. Just 
as graduate depertmants use this program to recruit atudpnts to attend their 
graduate programs, undergraduate departmente should ba given the resources to use 
this program to recruit students into science and to retain them in science, 
mathematics, and engineering. The most successful graduate students are those 
who have a solid grounding in raaaerch techniques •- who know what science is 
about . 

Tha on- campus research programs of undergraduate faculty are supported 
through tha NSF Research in Undergraduate Institutions (RUI) program. 
Maintaining and enhancing this valuable program is critical to the overall effort 
of etrengthenlng the undergraduate academic experience. Given its distributed 
nature, strong oversight of RUI by a singla office must be reins tltuted to ensure 
that tha Importance and distinct lva cheracterlstics of undergraduate research 
continue to be recognized. W« further recommend that the NSF consider a simpler, 
streamlined award system for small-scale individual grants for undergraduate 
faculty. In addition, wa recommend investigation of a modlflsd program of start- 
up granta for undargreduate faculty, with criteria similar to those within the 
current Fresidentiel Young Investlgetor Program, but at a level of support more 
appropriate to the needa and scale of raeeerch of feculty et predominantly 
undergraduate institutions. 

Ve recommend further that the NSF establish a faculty development program 
that would support faculty exchanges between strong undergraduate institutions. 
In our studies we have found many successful teacher scholars in undergraduate 
institutions who can serve effectively as mentors and role models for colleagues 
at other undergraduate institutions. A program of faculty exchanges would 
provide Important opportunities for joint curriculum development based on 
disciplinary, technological, and pedagogical advancea. It would also assist in 
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the development of partnerehipe working together toward the cotanon goal of 
strengthening the undergraduate experience in science and mathematics. This 
award would para Hal tha currant ROA prof raw which a nab las undergraduate faculty 
member a to do reeearch at major universities . 

Tha Neal Raport recommended that tha NSF spend $17 all Hon by 1991 for 
program focuaad on tha enrichment of undergraduate faculty. Tha 1992 budget 
raquaat for tha Undergraduate Faculty Enxicbmmnt program, though increased over 
paat yeara, * k a $6 Million. Tbia ia inadequate. Va take 400 aa tha baaa number 
of science -active undergraduate institutions. If the NSF is to have an impact at 
such instituulona acroaa tha country, aupport for faculty enrichment programs 
must be expanded. 

INITIATIVE III. MAKING DISCIPLINARY CONTENT AND ACTIVE UEAKNINC CENTRAL TO THE 
EDUCATION OF K-12 TEACHERS OF SCIENCE AND MATHEMATICS: 

*Re commendation *6 : NSF priorities for the pra-collaga sector include 

encouraging colleges to redirect the structure and content of their teacher 

preparation programs to focus more directly on science and mathematics 

utilizing an active, Investigative, hands-on, ccntant -baaed approach. 

*&e commendation #7: NSF support a wider range of pre- and in-service activities 
for K-12 teachere, asking use of the resources of all colleges with strong 
undergraduate programs in acienca and mathematics . 

The single sott important determinant of what elementary and aecondary 
students learn in science and mathematics is how much their teachers know. 
Teacher preparation must include substantial, deep exposure to the content of 
subjects they will eventually teach. Teachare for the nation's K-12 community 
oust ba pre-eervice and in-service involvement with a hands-on, laboratory > rich, 
active learning experience with science and mathematics. This must be the way 
they are prepared in their undergraduate courses, another reason why NSF's first 
undergraduate priority must be reform of introductory courses. 

In setting NSF priori tiee for K-12 programs, we urge you to remember that 
undergraduate colleges, particularly these in the Carnegie Liberal Arts I 
classification, graduate higher percentagee of their students with majors In 
science and mathematics. These collegee, whose faculty are committed to the 
hands-on approach to learning, are natural source a of a substantially increased 
stream of properly educated eclence and mathematics teachers. These colleges are 
also excellent resources for the development of new matariala for science and 
mathematics at the pre- collegiate level. 

A large number of tha collages for whom we speak have entered into fornal 
and informal partnerships with schools, bringing teachers to campus as research 
associates, and providing opportunities for teachers to gain net* understanding 
about disciplinary advances and pedagogical approaches. It ia clear from our 
Project Kaleidoscope research that the potential is great for effective 
collaboration in faculty/teacher development opportunities and in the design of 
new materlala for the elementery and secondary levels. These cooperative 
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opportunitiea should be expanded, Including their incorporation into P.EU 
project*, and expanding the ROA program to include K-12 teachers. Wo see 
education as a "seealeae web," axid tha undergraduate aactor as a key strand in 
tha web. 

INITIATIVE IT. DEVELOPING PARTNERSHIPS FOCUSED ON STRENGTHENING UNDERGRADUATE 
SCIENCE AND hATHEMATICS 

*Re commendation Tha NSF provide opportunities for regular national and 

regional colloqula to dlacusa what vorka In undergraduata science and mathematics 
educetic.i. 

*sUcoemundatioii #9: NSF guidelinee outlina specific criteria relating to 
partnarahipa between schools and collagae, colleges and universities, arid 
collages and the private sector, focusing on faculty and curriculum development 
activities, evaluation and dlaaenlnatlon. 

"Recommendation #10: Diacussions about the proposed auper coitputer highway 
include linking undergraduate ecianca and matheoatice faculty so that they can 
communicate regularly ebout research end teaching Intereets end have access to 
regional and national computing centera. Pre -co liege teachers of science and 
mathematica also ehould be linked to thla highway. 

It la cleer that aech sector of the science and matheaetlca education 
community haa a unique contribution to meke In addreaalng national goals; It Is 
equally claer that we cen eccompllsh more Dy working together than by working 
separately, Tha NSF hes the ability to develop and sustain such working 
pertnerships on a national basis, end to model within its own structure how such 
partnerships can be developed and auetelned. 

The euccaee of many of the current networke supported by the disciplinary 
organization, educational association , private foundations, and corporations, 
demons tretas thet there ere aignif leant numbers of parsons who are ready and 
prepared to work together to strengthen the netion'e ecientific end educetional 
enterpriee. Our Project KaleidOacope raeeerch hes uncovered e growing national 
cor^iensus ebout whet works In eclence end mathematics and a commitment to get on 
with tha tesk of improving the programs for which wa are responsible. We 
recoomend that the modal of the Project Kaleidoscope National Colloquium, 
bringing together institutional teana including presidents, deans, faculty 
meubers end development officers - - be considered in the plenning of further 
colloqula. 

Leval of NSF funding is not the only wey to identify strong programs, The 
networks to be developed should include representetlves from all segments of the 
educetional community, Theae networks should heve tt their center those colleges 
and unlversitiea thet have a demonstrated productivity in undergraduate science 
and na theme tics . 
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As one sxample, with support from the Kellogg Foundation, there was a large 
representation at the National Colloquium fro* the Historically Black Colleges 
and Unlvaraltiaa. Their contribution during the colloquium wes eign if leant; 
equally slgnlf leant, ve hope, are the connections that ware Bade for cooperative 
ef force in the coming months and yeara. 

A final concern -- of critical importance, though ve have not Included It 
ai a separata rscomssended initiative relates to fecllltles. The magnitude of 
the facilities deficit at predominantly undergraduate institutions Is known' to us 
all. If needed reforms are to be made in Introductory courses end meaningful 
re seer ch opportunltlee are to be provided for faculty and undergraduate students, 
our facilities must ec commodate such reforms and programs. It Is hard to Imagine 
how predominantly undergraduate institutions acroes the country are going to 
tickle successfully the pressing facilities problem without the NSF as a major 
player. Vlth its peer review process exerting quality control eliminating 
pork barrel decisions about academic priorities -- and vith the leverage its . 
support can bring as colleges seek funds for facilities from other sources, a 
facilities program at NSF is critical. The recent NSF program for facilities 
nodernUatlon (RFO) was a promising beginning; we regret thet this program Is not 
Included f.n the current NSF budget request. Of particular value In the RFO 
program was the formula dlatrlbutlon of funds between educational sectors. This 
wes s clesr signal thet each sector had much to contribute to che total national 
effort; this model should be continued as further NSF programs for fecllltles and 
for major Instrumentstlon are planned. 

We urge the NSF to teka e leadership role on the facilities Issue, and Join 
with Congress and the nation's colleges and unlveraltlas to determine how to 
balance the infrastructure naeda of all sectors of the reaaarch and research - 
training communities. The current plan to provide aunport for major research 
instrumentation rsthar than for research and research- training fscllltles docs 
not eddress the need for better balance in NSF support to the different sectors 
of the cossni.nl ty. It would be particularly helpful if the NSF would establish a 
culti-year facilities program linked to courss and curriculum development and the 
acquisition of instructional Instrumentation. Collages and universities could 
then build such an NSF program into their long-range plans for facilities 
modernization. A atudy of the neads of the undergraduate sector for teaching, 
research, and research -training feci lit lea would asalst in developing the 
neceesery long-range plan. 

Kr. Chairman and Members of the Subcommlttse , those ere che Project 
Kaleidoscope recommendations. They represent a broad consensus of views within 
tho undergraduate liberal arta college aector of higher education. We believe 
their implementation will move us forward acrongly toward improved national 
performance in aclence and mathematics. I thank you for the opportunity to make 
our ceae to ths Subcossalttsa. 
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Mr. Wolpe. Thank you very much. Dr. Light 

TESTIMONY OF DR. TIMOTHY LIGHT, PRESIDENT, MIDDLEBURY 
COLLEGE, MIDDLEBURY, VT 

Dr. Light. Mr. Chairman, I am grateful for the privilege of being 
here. This is something I have waited for for a long time, and it is 
a great opportunity. I am not a scientist, like the members of the 
committee, and therefore I cannot speak technically, and I would 
not be able to answer any technical questions. However, ironically 
over the past five years, I have had major responsibility for two sci- 
ence colleges, and in those institutions I have learned three things. 

First, we have a national crisis in the production cf future scien- 
tists. We are in effect eating our seed corn. Secondly, as a Nation, 
our Federal policy is doing next to nothing to solve that problem. 
Thirdly, the small, private sector, which we are dependent upon to 
solve that problem, is increasingly unable to meet the costs of serv- 
ing its traditional role in disproportionate production of scientists 
for the future. 

I refer to a science college. I was provost and an acting president 
at Kalamazoo College in Michigan, and now president of 
Middlebury College in Vermont. These two colleges, along with 
some 50 others, are known as the science colleges. They are known 
as that because they produce disproportionate numbers of gradu- 
ates in sciences who then go on and get Ph.D.s and become profes- 
sional scientists. 

What makes a science college? I think probably two things. First 
of all, they teach science through an apprenticeship method of 
teaching, and the students become scientists while they are under- 
graduates because thsy are doing research collaboratively with 
their instructors. The faculty are hired to be teachers and research- 
ers, not researchers separated from their students. 

Secondly, the students come from traditional middle and lower 
income families with a very strong work ethic who attain great 
pleasure by hard work devoted towards something which is of serv- 
ice to their country. 

I would like to leave you with three facts which I hope will be of 
importance in the future. First, this Nation has been and still is 
very dependent upon the small private sector for the production of 
scientists. It is much more dependent upon the small private sector 
than anything in national policy or national funding would sug- 
gest. 

Secondly, the costs of doing undergraduate science have escalat- 
ed in proportion to everything else we do at a point where thirdly, 
we cannot continue to keep up the quality at the level which we 
historically have done. 

What is needed? The problem with stating what is needed is that 
the sums which we need are important to us, but are so insignifi- 
cant in terms of the overall Federal budget that they get lost in 
Washington. First, we need an infusion of money for science facili- 
ties—buildings and laboratories— at approximately $100 million 
per year, which we could compete for and for which we would be 
able to raise matching funds. 
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We need faculty research support. We need student research sup- 
port so that student jobs would be related to their work in science. 
We need equipment support because the renewable equipment in 
science is one of the costs which we are increasingly unable to 
meet. And finally, we need support for course and curriculum de- 
velopment. 

In closing, I would like to tell you a little story. I indicated I am 
not a scientist, my field is Chinese linguistics. I am more familiar 
in Washington in dealing with the International Division of the De- 
partment of Education than I am with the science areas. 

Federal funding in both foreign language and international stud- 
ies on the one hand and science on the other got started as a result 
of the Sputnik scare, and were part of the original same legislation. 
By about 1980, those in charge of the International Division of the 
Department of Education had realized the funding that had gone 
into this was not producing people who spoke foreign languages in 
the way they had imagined. 

Starting in 1980, they tied future funding to a demonstrated abil- 
ity to handle undergraduate instruction. This kind of care and con- 
cern from the bureaucrats in Washington, from those who are in 
charge of our programs, is something which has had a tremendous- 
ly positive effect across the country. 

As a neophyte in science but as one who has had responsibility 
for two of the Nation's science colleges, I have not found the same 
kind of targeted interest in undergraduate education making the 
same kind of difference. That and the levels of funding for the spe- 
cific projects I have named, to me are the things which are going to 
make the difference between now and the end of the decade when 
the crisis will hit if we don't attend to it now. 

Thank you very much. 

[The prepared statement of Dr. Light follows:] 
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Mr. Chairman: 

I am immensely grateful for the opportunity to 
speak to this Committee. On behalf of Middlebury 
College and colleagues all over the country, I wish to 
express gratitude to you for your interest and concern 
for the teaching of undergraduate science in the United 
States. I've waited a long time for the opportunity to 
present, the undergraduate case to members of Congress in 
this fashion, and I am more thankful than you may 
imagine that this has today come about. 

Lik<? you who are members of the Committee, I am not 
p. scientist. I cannot speak technically. I cannot 
answer technical questions. There are others here who 
will be able to do both of those things. I cannot even 
discuss with any measure of certitide the various 
categories of funding and program which are used by th<* 
National Science Foundation (NSF ) . Again, there are 
many testifying before you today who will be able to 
deal with these matters in accurate detail. 

However, although not a scientist, for the past 
five years, I have had a major responsibility in two of 
the United States' principal science colleges. From 
that experience, I've learned that we have a crisis in 
this country in the production of future scientists. We 
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are not producing enough scientists to meet our future 
needs now, and as we look down from the graduate schools 
through colleges into the high school and elementary 
school grades, we can predict already that there will be 
a substantial dearth of new scientists when the decade 
and the century change . 

From my experience in these two science colleges I 
have also learned that as a nation--I mean specifically 
f ederally--we are doing little of significance to meet 
that crisis. Most importantly from that experience in 
two science colleges, I have learned that, while the 
nation is inordinately dependent upon the small private 
colleges for the production of excellent scientists, 
without federal funding assistance, the sma 11 private 
college simply cannot continue the unparalleled work 
which has been one of their marks of greatness through- 
out this century. For, even though the country has 
depended upon the small private liberal arts college for 
the source of a great many of those who go on and take 
PhDs in science and become career scientists, and even 
though these private institutions have devotedly and 
cheerfully been the nation's most reliable source of 
supply of future scientists throughout this century, the 
costs of doing science at the undergraduate level hive 
risen so fast in the last few decades that these schools 
simply cannot keep up at the level which they have 
previously been able to manage. 

I have referred to science colleges and mentioned 
two in particular. For three years I was Provost at 
Kalamazoo College in Kalamazoo Michigan and for a year 
the Acting President of that institution. I am now 
President of Middlebury College. Both of these 
institutions are part of a group of fifty small, 
private, independent institutions which are known as the 
"science colleges" . These institutions are responsible 
for a disproportionate number of graduates in science 
and correspondingly a disproportionate number of 
graduates who then go on to take PhDs in the sciences 
and become professional scientists in their careers. 



The question is frequently asked why is it that 
these schools are particularly successful at the produc- 
tion of scientists. I would suggest that. there are two 
reasons : 
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First, these institutions are able to offer an 
a pprenticeship model of education. From the very 
beginning, the future scientist is only given a true 
student-mentor relationship with teachers. In contrast 
to those institutions where classes are so large that 
students 1 contact with their teachers occurs mainly in 
large lecture halls and in laboratory classes where the 
results are predetermined and canned, in these science 
schools, youngsters are brought in to collaborative 
research with their faculty. I understand from scientif- 
ic colleagues that one of the important keys to this 
process is that students learn early how to fail in 
testing their hypotheses. It is the failure of what 
appeared to be a good hypothesis that turns one into a 
scientist, I am told. It is only the intense attention 
that youngsters are given in these small schools which 
permits that process to occur. The faculty in the 
science colleges are hired because of their devotion to 
teaching. While the faculty do indeed do research, the 
research which they undertake is directly related to 
their teaching function, and they undertake research 
projects which most often engage their students as well 
as themselves. At the science colleges it is not the 
norm for faculty to undertake research which cakes them 
away from their teaching obligation and becomes a 
substitute for teaching. 

The second principal reason why the science colleg- 
es have been so successful has to do with the tradition- 
al student populations that attend these schools. 
Traditionally, the small liberal arts colleges have been 
attended by youngsters from the middle and lower econom- 
ic classes, youngsters from families with a very strong 
work ethic, youngsters for whom the challenge of an 
intriguing and difficult subject and untold hours of 
hard work is looked at with great pleasure, youngsters 
who can foresee a career which is challenginq and 
demanding and stimulating and which provides service to 
soci ety . 

***** 

There are three facts which I would like to leave 
you carrying with you, if I may. 

1. Throughout this century the United States has 
been more dependent upon the small private sector of 
higher education for the production of future scientists 
than is widely understood. That dependence continues 
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today. It is a much greater dependence than anything in 
national science policy, and parti culary in anything in 
national science funding, would lead one to believe. 



2. Undergraduate science costs are escalating at a 
rate much faster than the costs of the other academic 
programs which small liberal arts colleges must mount 
with equal excellence. To be sure, as is widely known, 
the costs of providing all of our programs have risen 
for our colleges in excess of inflation for the past 
decade and more. Some of those excessive cost rises are 
the result of federal programs and federal regulations. 
Some of the cost increases are the result of demands by 
society for new programs and facilities in colleges. 
The dramatic rise in the cost of doing science is, 
however, the result of, the increased sophistication that 
is characeri stic of science and the availability of 
excellent equipment for teaching and teaching-based 
research . 

3. The small private colleges in general cannot 
keep up with the rising costs of equipping their labs, 
renewing and rehabilitating labs, providing research 
support for students and faculty, without dipping into 
the funds needed for other programs of equal importance 
for liberal arts. 

In short, we have a nation that is dependent upon 
this sector, the costs are rising too high too rapidly, 
and this sector in general will not be able to make it 
through the whole of the coming decade without some help 
in maintaining the very high standards that have been 
maintained in the production of scientists throughout 
this century. Certainly, the wealthiest schools will be 
able to continue, but many of the most productive 
science schools are not wealthy, and at those schools 
something is going to have to give. 

***** 

Turning now to what is needed, the principal 
problem that the small private colleges face in attempt- 
ing to obtain government attention is that the funds 
which are needed, while very large and important for us, 
are so small as to get lost in Washington. The small, 
private liberal arts college is extraordinarily cost 
efficient. It has had to become so because, from the 
very beginning of most of the liberal arts colleges, 
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there has never been enough money. A shoestring and 
bootstrap culture has developed in these institutions. 
There is a habit of doing more with less and a constant 
reliance upon figuring out ways to add to the tasks that 
are to be undertaken without drawing more upon the 
limited, resources that are available. 

I would suggest that there are five categories of 
need. As I have indicated above, not being a scientist 
and not being directly involved in NSF, I can speak only 
to the needs as they appear on a college campus and as 
they appear in realistic terms to the eye of the average 
person. 

1. Facili ties . The most expensive and crushing 
problem is the cost of providing new facilities where 
those are needed and of renewing and rehabilitating old 
science buildings where that is called for. Knowledge- 
able sources have estimated the deficit in- undergraduate 
science facilities in the United States to be well over 
a billion-dollar problem. The litany of deficits which 
are faced by the science colleges with their outdated 
and often only partially working facilities is legion. 
It will probably suffice to point out simply one among 
the many frequent problems which are faced in the 
science colleges when looking at science buildings in 
current vise. Even among buildings that were built as 
recently as twenty or twenty- five years ago, there is a 
tremendous problem of exhausting noxious fumes. The 
problem is at least two- fold. On the one hand, the 
technology for eliminating noxious fumes has developed 
considerably over the past couple of decades so that 
much better facilities are available for those schools 
that can afford them than was the case twenty years ago 
or so. On the other hand, we know a great deal more 
about environmental damage to the human body, and many 
of the fumes and chemicals which were considered to be 
acceptable for human breathing some time ago are now 
known to be dangerous. For that reason, our standards 
have risen considerably, and our sense of risk in 
science buildings which are not brand new has corre- 
spondingly gone up. In short, we have far too many 
science buildings being used daily by undergraduates 
which either do not work for today's science or which 
are plain dangerous. 

2. Faculty Research Support . As I have indicated 
above, research in an undergraduate college is 
considered vitally important, but is student-oriented. 
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We consider research important for faculty because it is 
very important that they keep their intellectual activi- 
ty always moving forward and keep up to date with their 
discipline, and that they engage in the renewing effect 
which only participation in the field can permit. As 
I've indicated above, however, research in a teaching 
institution is intended to be directly or indirectly 
related to the teaching function, and faculty draw 
u ndergr adua te stud ents into their research as early as 
possible in the career of those students. The research 
support that is being sought is not for research which 
is designed to take faculty away from the classroom and 
keep them isolated from their students. On the con- 
trary, the research support sought is support for 
faculty research projects which will, involve students 
and which will inform the teaching of those faculty 
members . 

3. Student Support. For undergraduate students to 
be able to participate with their mentors in research, 
it is important that there be a source of funding which 
will allow them to work in laboratories rather than 
selling hamburgers or newspapers. Not that selling 
hamburgers and newspapers is not salutary for one's 
moral development. However, becoming a scientist is an 
arduous and time consuming and long-term task. One of 
the things that the undergraduate institution provides 
is an environment where it is possible for the youngster 
to become a scientist at a very early age because his or 
her mentors are there together with their students at 
all times and because the teachers engage in 
collaborative research with undergraduate students . 
National policy has put stipends very largely in the 
hands of graduate students. Certainly graduate students 
must have that kind of support or we will not have a 
science cadre. But the same argument must apply to the 
undergraduates at the science colleges as well. 

4. Equipm ent . Renewable equipment turns out to be 
one of the most expensive things in the academic budget 
for the small college. It is uncertain that the 
provision of equipment needed for young faculty starting 
off their research right after completing the PhD, for 
student collaborative research, and simply for keeping 
up with our laboratories is something that we can afford 
from year to year. The NSF has a remarkable program 
called ILL The ILl program permits the awarding of 
funding for equipment for undergraduate institutions on 
a one-for-one matching basis. This is not an ungenerous 
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program. However, the costs of higher education are 
such and our inability to continue to raise our access 
to resources proportionately that more than one school 
has recently breathed a sigh of relief when not all of 
its faculty s applications for the ILI program have been 
funded. There are years when it simply isn't possible 
to find the matching money for ILI awards. 

5. Course and Curriculum Development . A great 
deal of innovation is being brought into American 
science from teaching in the small liberal arts colleg- 
es. Heavy teaching loads, continuous research demands, 
and lots and lots and lots of time spent out of class 
with students in laboratories all mean that there isn't 
sufficient time or resource for faculty to develop all 
of the creative teaching ideas which they have. For 
this reason, curriculum support turns out to be pretty 
vital . 



***** 

To sum all this up, from one lay person to other 
lay persons, we have a national crisis. We have a 
sector of higher education which has traditionally been 
a major source to solve that crisis. That sector, the 
small private liberal arts college, is facing cost 
increases to the degree which will make the continuous 
support of undergradute science at the level of quality 
and quantity which has historically been its mark 
increasingly difficult to meet. The sums which will be 
needed by the liberal arts colleges across the nation 
are miniscule compared to other things that the 
government takes up, and even miniscule compared to 
other things which the National Science Foundation takes 
up. For this reason, it is often not evident how much 
these colleges are in need of that level of support 
right now for the science programs. 

The categories of funding in which support is most 
needed are those categories which relate directly to the 
teaching mission of the liberal arts college and thus to 
the production of future scientists. They are: 
facilities, faculty research support, student research 
support, equipment and course and curriculum design. 
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It has indeed been a great privilege to be able to 
speak before this Committee. It is an immense source of 
citizenship pride that a group of Congressman would be 
taking such a deep interest in a national problem of 
this magnitude and this importance. Thank you very 
much. 
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Mr. Wolpe. Thank you very much, Dr. Light. I should take this 
opportunity to express my personal appreciation to you for focusing 
me on this issue before I came into the chairmanship of this sub- 
committee. At that point I was off on my other life of African af- 
fairs. It was really your advocacy of a couple of years ago that 
moved us to focus some attention on this problem and I am grate- 
ful for that assistance. 

Dr. Light. Thank you. I'm grateful, too. 

Mr. Wolpe. I would like now to turn to Dr. Doyle. 

TESTIMONY OF DR. MICHAEL P. DOYLE, D.R. SEMMES DISTIN- 
GUISHED PROFESSOR OF CHEMISTRY, TRINITY UNIVERSITY, 
SAN ANTONIO, TX 

Dr. Doyle. Mr. Chairman, I am here today to speak to you from 
the trenches as an educator about the pending shortages of scien- 
tists who are educated in the United States, and specifically about 
programs already underway at the National Science Foundation 
that were designed to relieve these shortages. 

The number of students who are choosing science for their ca- 
reers is declining at a rate that is much steeper than that predicted 
by demographic data. Already shortages exist at the bachelor's 
level, in the scientific work force, and the declining pool of bache- 
lor's level scientists signals similar future shortages of advanced 
degree scientists. 

Historically and continuing today, the greater percentage of stu- 
dents whose education is obtained primarily at undergraduate in- 
stitutions choose science careers. This success stems not from insti- 
tutional size or facilities; instead, the scientific interests of these 
students are nurtured best at undergraduate institutions in what 
has become a new American revolution in education. 

Young and inexperienced students are guided to their future in 
science through participation in undergraduate research. This ex- 
perience, obtained without the usual academic formalities, fuels 
the fire of discovery in a great majority of the fortunate few who 
are provided with this opportunity. 

The National Science Foundation has recognized the importance 
of undergraduate research as an effective way to develop science 
careers since its introduction in the early 1960s of its Undergradu- 
ate Research Participation program. After a brief period in the 
early 1980s when such programs were terminated, the National 
Science Foundation expanded upon its original mandate to main- 
tain the infrastructure of science, and initiated its Research in Un- 
dergraduate Institutions program as well as its Research Experi- 
ences for Undergraduates program in 1984 and 1985, respectively. 

Both of these programs provide the means to involve undergrad- 
uate students in research, and thereby stimulate their interest for 
careers in science. They have in fact created research active envi- 
ronments for undergraduate students to prepare them — and here I 
quote from an address given by the Honorable George Brown, Jr., 
to Project Kaleidoscope: "To be able to respond creatively to unpre- 
dictable change." No other experience in undergraduate education 
provides students with such a beginning, such a preparation. 
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During the past year, however, signs of strain in the implementa- 
tion of these programs have appeared. Budget allocations for both 
RUI and REU programs have declined, and the number of propos- 
als submitted to them is not increasing. The RUI program is invisi- 
ble to a significant constituency of undergraduate institutions and 
standards for proposal review vary. 

The REU program is diffused in its implementation, focused on 
drawing students away from their home campuses, where one is 
most effective in engendering their careers in science, and some- 
times unjustifiably narrow in its focus. 

These programs are in need of review and changes that would 
make them more suitable for the growing need to engender desir- 
ability for science careers among these undergraduate students. In 
these reviews, one would hope that the valued programs could be 
strengthened, and greater benefits realized. 

Significant attention is placed at the precollege and post-bacca- 
laureate levels to address the serious developing shortages in the 
work force of our science and technology. However, too little atten- 
tion is given at the college level, where in fact the vast majority of 
career decisions are finalized. 

There is a need to coordinate research programs at all Federal 
agencies that are designed to enhance undergraduate career devel- 
opment in the sciences, and I recommend this consideration be 
given to providing the National Science Foundation, which has had 
experience in this endeavor, with this authority. 

I noted last evening, in receiving the report of the FCCSET com- 
mittee on education and human resources, that the topics of re- 
search in undergraduate institutions and for undergraduates is 
lacking in focus for the undergraduate experience. 

I have been associated with undergraduate institutions during 
my entire professional life. My efforts have been directed to ensur- 
ing that students in my charge reach their full potential. The op- 
portunity to be engaged in research, even during their freshman 
year, has been my gift to them, and they have responded with ex- 
citement and enthusiasm that is contagious. 

I, and a significant number of the most effective educators in this 
country, would lose their effectiveness without the opportunity to 
perform research with undergraduate students. For us, research is 
the ultimate educational experience, and has never been a substi- 
tute for teaching. Thank you for this opportunity to be with you 
this morning. 

[The prepared statement of Dr. Doyle follows:] 
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INTRODUCTION 

Thank you for the opportunity to appear today before the House Subcommittee on Investi- 
gations and Oversight to present testimony on undergraduate science education. The importance of 
this hearing on "Traditional and Nontraditional Sources of Future Research Scientists" cannot be 
overestimated. An unprecedented decline in the selection by undergraduate students to major in the 
sciences began more than a decade ago and shows no sign of abating. In the discipline of chemistry, 
in which I was educated and practice with enthusiasm, there has been a 27% decrease in the number 
of chemistry graduates since 1981, and the vast majority of this decline has occurred during the past 
5 years (Exhibit 1). Similar changes have occurred or are occurring in the biological sciences, 
geological Sciences, physics and astronomy, and the mathematical and computer sciences. In the 
chemical sciences, which accounts for half of the total workforce involved in research and 
development in the United States, the loss of as much as 27% of the total number of potential future 
employee signals a severe stain on the infrastructure of its dependent technologies. 

Undergraduate students are often treated as a wholesale commodity - not as important as the 
raw material from which they are drawn and not as visible as the retail product. They are 
intermediates, considered too old to be influenced to enter science and too inexperienced to be 
productive in science, and they are left with little support or consideration in national science policy. 
Yet this is the educational level at which the highest percentage of students with initial interest in the 
natural sciences and engineering is being lost to these careers. // only one third of the 160,000 
students who leave science and engineering in colleges and universities could be retained, the pool 
of available scientific talent would increase by 20%, and shortages in the scientific workforce, 
currently and in the future, would be minimized. 

My comments today arc drawn from a 23-ycar teaching career in libera! arts colleges, a 
dedication to education through investigative research, and an extensive array of experiences in the 
service of fostering education and research. I received my undergraduate degree from the College of 
St. Thomas in Minnesota and, after obtaining my Ph.D. degree from Iowa State University, I 
returned to the liberal arts setting - first at Hope College in Michigan and now at Trinity University in 
Texas. Since the first weeks of my employment as a faculty member, I have continued to work 
directly with undergraduate students in investigative research. More than 200 students have passed 
through my supervisory hands in this endeavor, and more than half of them have become 
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professionals in science - as faculty in universities and as research scientists and managers in 
industry or government - most after receiving advanced degrees. I speak with you today from these 
experiences and with the concerns of the future generation of scientists. 

I also come to you with experience as a former member of the Advisory Committee for the 
National Science Foundation's Division of Chemistry, where I participated in the design of two 
programs - Research in Undergraduate Institutions (RUI) and Research Experiences for 
Undergraduates (REU) - that have successfully impacted ihe career development of undergraduate 
students in science. As a founding member and past-president of the Council on Undergraduate 
Research, a society for the advancement of scientific research at primarily undergraduate colleges and 
universities (Exhibit 2), I bring you results from a recent survey on undergraduate faculty need for 
and satisfaction with the NSF-RUI program. I will also speak to you as a member of the Advisory 
Committee for "Project Kaleidoscope" which has recently completed an extensive study on the 
investigative environment of liberal arts colleges and has reported a comprehensive plan for 
strengthening undergraduate science and mathematics. 

Today in this Oversight Hearing on "Traditional and Nontraditional Sources of Future 
Research Scientists" I will direct my comments to 

(1) The import? Tee of existing Federal programs, especially those at the National Science 
Foundation, for undergraduate student career development in the sciences; and 

(2) The necessity of oversight and coordination. 

These comments will include recommendations for changes in Federal programs, especially those at 
the NSF, that would benefit undergraduate science education. They are colored by my strong belief, 
reflected in several Federal programs, that undergraduate research, an American invention, is the 
most exciting educational development of the second half of the 20th century. Its origin and integra- 
tion into undergraduate science education arc outlined in Appendix A, to which I would draw your 
attention as suitable background for the comments that I am making. The focus of my comments, 
therefore, is on programs that support the people that make science exciting and enjoyable. More 
than bricks and mortar, more than classroom teaching, the personal interaction between students and 
their mentors is what has made science an attractive venture for this nation's young and a productive 
enterprise for the United States. 
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THE IMPORTANCE OF EXISTING FEDERAL PROGRAMS FOR UNDERGRAD- 
UATE STUDENT CAREER DEVELOPMENT IN THE SCIENCES 

Undergraduate research experience is the single most important factor in the decision of most 
students, especially those whose baccalaureate origins are from predominantly undergraduate 
institutions, to enter graduate school in the sciences, and the quality of their experience contributes to 
their overall success. For 224 private and public undergraduate institutions whose total combined 
enrollment is 1 .03 M students and in which research in the chemical sciences is an expectation of both 
faculty and students, their contribution to the scientific pool demonstrates the importance of 
undergraduate research (/). For the period 1985- 1988 these institutions graduated 1 1 ,302 chemistry 
majors, 31% of the total from U.S. colleges and universities, and 3178 of them entered gradate 
school in chemistry or biochemistry, more than 35% of entering graduate students who are U.S. 
citizens. Similar data exists for the biological sciences (2) and physics and astronomy (J) at 
predominantly undergraduate institutions. In addition, these same institutions do not show the same 
decrease in student career development in the chemical sciences that exists nationally (Exhibit 3). 
Complimentary data has been provided by "Project Kaleidoscope" (4) with the same conclusion. 

The principal cause for this maintenance of student interest in the sciences at predominantly 
undergraduate institutions has been the increase in undergraduate research participation (Exhibit 3), 
and the major contributor to the growth in the availability of these opportunities has been Federal 
programs introduced since 1983, especially: 

♦ Research in Undergraduate Institutions (RUI) Program (1984) - National Science Foundation 

♦ Research Experiences for Undergraduates (REU) Program (1985) - National Science 

Foundation 

♦ Academic Research Enhancement Award (AREA) Program (1985) - National Institutes of 

Health 

Of these three, the RUI program has had the strongest and most sustained impact on undergraduate 
student career development in the sciences at predominantly undergraduate institutions. This 
program, funded through the NSF Research Directorates, supports scientific research by individual 
investigators in academic departments that do not have the Ph.D. program. Proposals are judged by 
their scientific merit with the understanding that, because of the time demands on faculty where 
teaching undergraduate students is their primary function, productivity may be lower than that found 
from faculty in graduate departments at research institutions. Grants awarded support research that 
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involves undergraduate students. 

When first proposed by the Council on Undergraduate Research to the National Science 
Board (1983) to be reviewed and funded through the NSF Research Directorates as a merit-based 
program, the budget estimated for significant impact by what became the RU1 program was $3 M. 
Enacted by the National Science Foundation for implementation in 1984 as a "targeted" program 
without a separate budget, grant awards in this fiscal year totaled $6.65 M - over twice that of the 
initial target. During FY 1984 a total of 141 grants were made under the RUI program, a^d 75 of 
these were made to faculty from predominantly undergraduate institutions who had never before been 
principal investigators for any NSF grant (5). Since that first year, the NSF target for this program 
has grown to $16 M in FY 1988, $20 M in FY 1990, but decreased to an anticipated $14.5 M in FY 
1991 and is proposed to be only $18,725 M in the FY 1992 budget. Although a portion of the 
anticipated decrease in allocation for the RUI program in FY 1991 is due to a decline in proper ll 
pressure from predominantly undergraduate institutions, there is reason to believe this opportunity 
has become invisible to many faculty, especially those just beginning their academic career, and that 
an oversight review of th;* program is warranted 

A survey of 1200 members of the Council on Undergraduate Research, from which 692 
responses (58%) were returned, disclosed that the NSF-RUI program is responding responsibly to 
the pressure it is receiving (Exhibit 4). Of importance in assessing the impact of this program, 
although only 35% submitted a proposal to the NSF-RUI program, nearly half of all respondents 
stated that the NSF-RUI program "encouraged research-active faculty to expand their research in 
scope or productivity", "promoted the involvement of students in research", and "encouraged 
students to pursue research careers". Still, this survey suggests that evolution of the RUI program to 
better meet the needs of faculty and students at predominantly undergraduate institutions is warranted. 

I propose consideration that the Research in Undergraduate Institutions (RUI) 
Program undergo comprehensive internal and external review to determine Us 
effectiveness in establishing research-active environments at predominantly 
undergraduate institutions that enhance student career development in the sciences. 
An internal analysis of "Research Proposal and Award Activities by Predominantly Undergraduate 
Institutions" for FY 1988 was reported in March, 1990 (6) and represents a valuable beginning. The 
last and only external review of this program occurred in December, 1984 (5), and there are several 
areas of concern regarding current implementation and impact of the RUI program that are in need of 
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study. The outcome of the recommended review can be expected to provide an informed projection 
for future budget allocations and the strengthening of the RUI program to better meet the needs of 
undergraduate faculty in establishing research-active environments. This recommendation is consis- 
tent with that made by "Project Kaleidoscope" for the RUI program (4). 

Instrumentation for the conduct of scientific research is essential to research-active environ- 
ments in predominantly undergraduate institutions, just as it is in research universities. The cost of 
this instrumentation places a considerable stain on the resources cf these institutions, especially small 
liberal arts colleges, and, increasingly, proposals requesting funding for instrumentation arc being 
subjected to internal restrictions that limit their flow to the NSF for funding consideration. The issue 
is matching costs expected from the undergraduate institution, and these restrictions ire impacting 
faculty retention and the further development of research-active environments. I propose 
consideration that funding for the Research in Undergraduate Institutions (RUI) 
Program be supplemented to allow cost sharing for major instrument acquisition at 
33% rather than at 50% t where applicable in NSF Research Divisions. 

Unlike the RUI program, which is modeled after the "regular" individual investigator program 
at the National Science Foundation, the Research Experiences for Undergraduates (REU) program is 
derivative of the earlier URP program that was ierrninated in 1981, but with some significant 
differences. A majority of the students who take part in this summer research program come to the 
site from another institution, and most of them are drawn from academic institutions where there is 
little or no research activity. The REU program has as a principal objective to attract those students, 
women and minorities, who are underrcprcsented in the sciences to undertake careers in the sciences. 
No other NSF program is so directly linked in intent to undergraduate career development in the 
sciences, and no other one is so diffuse in its implementation. 

Each research division at the NSF has its own plan for implementation of the REU program, 
some favoring sites that maintain 8 or more students and others that fund individual investigators to 
support 1 or 2 students, some as a 3-year continuing program and others only for one year. In all 
cases the quality of the research for undergraduates is a factor in review, and this is appropriate, but 
in many instances ancillary conditions, such as a focus on specific subdisciplines, are enforced, and 
they limit the participation of predominantly undergraduate institutions in this program. The REU 
program is perceived by many undergraduate institutions to be designed to support graduate student 
recruitment by research universities, righdy or wrongly, and the overall impact on and importance to 
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undergraduate colleges and universities has been limited. 

The NSF budget allocation for the REU program, operated out of the NSF Research Director- 
ates, increased substantially since its introductioo in 1985 - to $20.3 M in FY 1990. In FY 1991 its 
budget is projected to be $14.8 M, a decrease of more than 25% from FY 1990, but the FY 1992 
NSF budget request places this program at $19.5 M. There is evidence that proposal pressure to this 
program has been declining in some of the research divisions and that some initial expectations for 
this program are not being met. The time has come for a reassessment of this program and for its 
redesign to meet the primary objective of enhancing student career development in the sciences. 

I propose consideration that the Research Experiences for Undergraduate 
Students (REU) Program be evaluated to address the great divergence in its 
implementation at the National Science Foundation, to review the restrictions in this 
program that inhibit students on their home campus from receiving REU support, 
and to determine the appropriate budget level that would allow this program to be 
expanded so that more students have the opportunity to become engaged in research 
at their home institutions. As stated in the report from "Project Kaleidoscope", undergraduate 
institutions are inhibited from applying to this program (4), although they are often more suitable 
sites for enhancing undergraduate student career development in the sciences than are their graduate 
institution counterparts. Just as graduate departments often use this program to recruit students to 
attend their graduate programs, qualified undergraduate departments should be given the resources to 
use this program to recruit students into science and to retain them in science. Under current REU 
practice, svudents from major universities also lack opportunities to become engaged in undergraduate 
research, so this request hould not be interpreted as parochial. 

An initiative modeled after the REU program but applicable to high school teachers of science 
is worthy of consideration. Such an initiative would serve to maintain them as science professionals, 
link them to colleges and universities, and provide them with an intimate knowledge of the excitement 
and challenges of modern science. Highly successful programs are currently operative through 
several private organizations and foundations, but they reach only a small number of qualified 
teachers. The National Science Foundation, through its EHR Directorate, should be encouraged to 
consider such an initiative. 

The NIH-AREA program, like the NSF-RUI program funds the research activities of 
principal investigators. Unlike the RU1 program, however, the NIH-AREA program was not created 
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with concern for student development in science or for the support of undergraduate students. Less 
than 50% of the $10 M outlay for this program supports research in science departments that do not 
have a PhJD. program. Still, the AREA program does impact many, mainly biology and chemistry, 
departments at predominantly undergraduate institutions, and funding from AREA grants does 
support a significant amount of undergraduate research. 

Other Federal programs, including the Instructional Laboratory Improvement (ELI) program at 
the NSF, support undergraduate research indirectly or directly. However, their breadth and direct 
impact are not comparable to those operated through the NSF Research Directorates. 

THE NECESSITY OF OVERSIGHT AND COORDINATION 

Undergraduate student research is supported by the NSF (RUI, REU), NIH, DOE, and other 
Federal agencies. In each program and at each agency there is a different approach, and different 
outcomes are expected. For example, in attracting underrepresented minority students into the 
sciences, both the NSF-REU and NIH-MBRS/MARC (Minority Biomedical Research Support/ 
Minority Access to Research Careers) programs are major contributors, but these programs are often 
competitors for the same students. Since the NIH programs offer minority students research oppor- 
tunities at their home institutions and often provide salaries/stipends greater than those offered 
through the NSF-REU program, a student receiving offers from both programs most often selects the 
NIH site. The NIH programs attract capable students into the biomedical sciences, and most of them 
go on to medical school and other health-related careers. The NSF-REU program is designed to 
promote graduate school opportunities leading to M.S. and Ph.D. degrees and is less competitive for 
the same students because of a variety of sorio-ecoiKMnic reasons. 

In the DOE, research opr^ortunities for undergraduate students and their faculty have existed 
for a long time at the National Laboratories. The model here is collaboration with research scientists 
on projects that have a high national priority. However, since there is no formal carry-over, other 
than experience, from the National Laboratories back to the home institution the impact of these 
opportunities on undergraduate research in predcHninantly undergraduate colleges and universities is 
indirect If these opportunities are to have a more direct impact on the career development on students 
in science, then a formal mechanism for funding collaborative projects at undergraduate institutions 
should be developed 
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Even at the NSF two programs that have the same objective can operate in competition. An 
example of this is the acquisition of instrumentation for teaching and research. At predominantly 
undergraduate institutions where research is a teaching function, it is virtually impossible to separate 
the two. Yet in many of the research divisions of the National Science Foundation, programs to fund 
shared research instrumentation are integrally associated with the research support operations, 
whereas the Undergraduate Science, Engineering, and Mathematics Education (USEME) Division of 
the EHR Directorate operates the Instructional Laboratory Improvement (ELI) program whose primary 
focus is instruction rather than research. Both programs fund the same kind and quality of major 
instrumentation for predominantly undergraduate institutions, but because instrumentation programs 
in the research divisions arc for shared equipment, often departmental, and the ILI program has no 
such limitation, undergraduate faculty favor the ILI program even though its proposal success rate is 
lower. The result is an increase in proposal pressure for ILI with complaints of inadequate funding 
and a decrease in proposal pressure for RUI instrumentation programs with complimentary 
complaints of inadequate interest 

If undergraduate career development in the sciences is to be a focus of Federal programs, 
attention must be given to a diversity of approaches, to competition between different programs, and 
to program requirements that facilitate undergraduate career development. No other Federal agency 
has the background, interests, or capabilities of the NSF to coordinate these programs, and I 
recommend that the National Science Foundation be given the responsibility to 
coordinate Federal programs designed to enhance undergraduate career development 
in the sciences. 

CONCLUSION 

The invitation to appear before before this Subcommittee asked for my views on the 
integration of research into undergraduate science education, on the contribution of Federal programs, 
especially those at the NSF, to undergraduate science education efforts at liberal arts colleges and 
universities, and for recommendations for changes in Federal programs, especially those at the NSF, 
that would benefit undergraduate science education. 

It would be easy for me to tell you that the budget for existing programs should be doubled 
and that a variety of new programs should be initiated so that every small college and all science 
faculty could receive Federal support for their valued educational programs. I have chosen instead to 



A*. 



43 



Testimony, Page 9 

Professor Michael P. Doyle, Trinity University 
July 11, 1991 

focus on the primary catalyst for student career development in the sciences - undergraduate research - 
and to inform you that suitable programs exist at the National Science Foundation for this under- 
taking. They are based on excellence and potential productivity, and they have created research-active 
environments in predominantly undergraduate institutions. However, they are also in need of course 
adjustments in order to avoid being lost to the communities that they were designed to serve. Existing 
programs such as RUI and REU are in danger of losing their competitive attraction to significant 
components of the academic community. As proposal pressure declines, program budgets are 
reduced, and a downward spiral in program effectiveness results. Recommendations made in this 
Testimony would serve to prevent this loss. 

The need for oversight and coordination in programs designed to impact student career 
development in the sciences is becoming increasingly evident as new Federal programs are introduced 
that impact undergraduate education and research. The National Science Foundation is uniquely 
composed to play a leading role in such activities. 
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EXHIBIT 1 

Chemistry Graduates from American Chemical Society Approved 
Bachelors Degree Programs at VS. Colleges and Universities* 





Number of 


Nfumhw of 

i T If 1 1 1 *i \IL 


Number of Graduates 


Year 


Institutions 


Graduates 


Number of Institutions 


1990 


599 


7,650 


12.8 


1989 


593 


8,125 


13.7 


1988 


584 


8,372 


14.3 


1987 


582 


8,848 


15.2 


1986 


580 


9,295 


16.0 


1985 


579 


9,679 


16.7 


1984 


577 


9,819 


17.0 


1983 


570 


10,043 


17.6 


1982 


561 


9,866 


17.6 


1981 


558 


10,453 


18.7 


1980 


554 


10,170 


18.4 


1979 


551 


10,451 


19.0 


1978 


547 


10,350 


18.9 


1977 


534 


10,207 


18.8 



♦Data from the American Chemical Society Committee on Professional Training, 1 155 Sixteenth 
Street, N.W., Washington, D.C. 20036. 
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EXHIBIT 2 

COUNCIL ON UNDERGRADUATE RESEARCH 
A SOCIETY FOR THE ADVANCEMENT OF SCIENTIFIC RESEARCH AT 
PRIMARILY UNDERGRADUATE COLLEGES AND UNIVERSITIES 

Goals 

The purposes of this Society are to provide students at predominantly undergraduate colleges 
and universities with increased opportunities to learn science by doing it and to provide their science 
faculty with increased opportunities to continue to develop their own understanding of science by 
remaining active in research. CUR believes that a discovery-oriented approach to learning should 
permeate science education throughout the undergraduate science curriculum. Increased opportu- 
nities for students to do research as undergraduates effectively draw more students to careers in 
science teaching and research, and continuing involvement in research assists faculty to become more 
exciting and stimulating classroom teachers. 

The diversity and comprehensiveness of the American system of higher education are 
unparalleled by any society in any era. At one end of the spectrum are the great research universities, 
where faculty research is so important that it sometimes overshadows undergraduate teaching, but 
where faculty expertise, facilities, and equipment are readily available to support research by 
interested undergraduates. At the other end of the spectrum are institutions where limited resources 
preclude research by students or faculty. The majority of American institutions of higher education 
lie between these two extremes. With encouragement, with sharing of successful models, with 
modest local resources, and with help obtaining external support, faculty at these middle range 
institutions can develop programs that introduce students to the excitement and challenge of science 
by doing research as undergraduates. 

Accomplishments 

• CUR publishes directories which document the very significant role of undergraduate 
departments and their faculty in the mainstream of science. As a result, funding agencies use the 
directories in the evaluation of proposals and selection of reviewers. Graduate schools use the the 
directories in their recruitment efforts, companies use them in the search for talented graduates, and 
they are even used by some high school students in selecting colleges. Currently, there are 
directories in biology (Second Edition, 1989, 618 pages, 89 institutions), chemistry (Fourth Edition, 
1990, 747 pages, 226 institutions), geology (First Edition, 1989, 682 pages, 133 institutions), and 
physics/ astronomy (Second Edition, 1989, 537 pages, 124 institutions). The first directory for 
mathematical sciences, which established a Council in 1989, is in preparation. Initial support for the 
chemistry directory was provided through a grant from the Petroleum Research Fund of the 
American Chemical Society, and a grant from the Keck Foundation supported the geology directory. 

• CUR publishes a Ncwslettcr'in four 100-pagc issues annually to provide members of CUR 
and non-member subscribers with successful models for research programs and for their support 
through acquisition of outside funding. The experiences of CUR members and others in designing 
and implementing programs in response to special foundation initiatives are disseminated The 
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Newsletter pays special attention to sources of funding, including the names and telephone numbers 
of persons to contact for information. Now in its eleventh year, the Newsletter is distributed to more 
than 1350 individuals. 

• Biancually, CUR sponsors a national conference to examine critical issues affecting science 
education at primarily undergraduate institutions. The third such conference brought nearly 300 
science faculty, college administrators and representatives of federal agencies and private foundations 
to Trinity University in San Antonio in June, 1990, to examine The Role of Undergraduate 
Research in Science Education: Building and Funding a Successful Program". Networking among 
college scientists involved in other cooperative efforts to enhance undergraduate science education is 
a very important aspect of these conferences and meetings. For example, the National Conferences 
on Undergraduate Research (NCUR), organized separately from CUR, were conceived and first 
implemented by a CUR councilor, and several CUR councilors currently serve on the NCUR Board. 

• In 1989 with support from the Research Corporation, CUR instituted a consulting service to 
advise chemistry departments about ways to improve their programs and increase their success rate 
in obtaining external grants. The program includes a visit to the department by two CUR 
consultants, who meet with faculty, students, and administrators and who later submit written 
recommendations. Followup visits are encouraged. Similar programs in other CUR Disciplinary 
Councils are being initiated 

• Beginning in the summer of 1990, CUR has offered to selected students Academic-Industrial 
Undergraduate Research Partnership (AIURP) fellowships in cooperation with leading American 
scientific companies. These fellowships provide $2500 to students to allow them to engage in 
research with faculty mentors at their home institutions normally during the summer after their junior 
year and, with most industries, provide these same students with the opportunity to work in the 
industrial sponsor's research laboratories during the summer preceding their entrance into graduate 
school. 

• In 1 983, CUR submitted a proposal to the National Science Board that was implemented as 
the NSF Research in Undergraduate Institutions (RUI) initiative (1984). After its first year the RU1 
program was reviewed by an ad hoc group that included among its four faculty members two 
chemists who were CUR councilors and a physicist who was to become a CUR councilor. The RUI 
program has become the model for "distributed funding" of science education through the NSF 
research directorates. 

• Other CUR efforts to stimulate government interest in funding science at undergraduate 
institutions have included involvement with the development of the NSF Instrumentation and 
Laboratory Improvement (ELI) program, the NSF Research Experiences for Undergraduates (REU) 
program, and the NIH AREA program. CUR councilors helped to plan and chair sessions at the 
AREA workshop held in Bcthesda, MD in March, 1990. 

The visibility of CUR to agencies and foundations has led to increased representation by 
undergraduate institution science faculty on important policy-making and funding committees. These 
have included advisory committees and review panels for the National Science Foundation, panel 
members for the National Institutes of Health, membership on the National Research Council's 
Board on Chemical Sciences and Technology, membership on advisory panels for private 
foundations, and service on boards of foundations and other scientific societies. The growth in these 
activities over the 12-year history of CUR have been enormous. 



47 



Testimony, Page 13 

Professor Michael P. Doyle, Trinity University 
July 11, 1991 

Organisation 

Initially formed in 1978 by chemistry faculty at private liberal arts colleges, CUR expanded 
to include public and private colleges and universities in 1983 and to include additional disciplinary 
councils in physics/astronomy and biology in 1985, geology in 1987, and the mathematical sciences 
in 1989. Prior to June 1989 the Council on Undergraduate Research consisted solely of councilors 
elected from among their colleagues by the current councilors. Committees were staffed by 
volunteers from among the councilors for the preparation and publication of the CUR directories and 
its Newsletter, for the arrangements and planning for National CUR Conferences, and for other 
assignments approved by the Executive Committee or the full CounciL 

In order to provide opportunities for increased numbers of faculty and administrators across 
the country to become directly involved in CUR and in order to provide a larger and more open 
forum for discussions of issues, CUR began in September 1989 to enroll members, who in turn 
elect councilors from within the membership. During the first year more than 1200 applications for 
membership were received, including blocks of applications from single institutions numbering as 
high as 85. A National Office with Dr. John G. Stevens as Executive Officer was opened in May 
1991 with support received through grants received from the PEW Charitable Trusts and the 
Research Corporation and with contributions from undergraduate colleges and universities. 
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EXHIBITS 

Chemistry Graduates from Undergraduate Institutions Having Significant 
Undergraduate Research Participation 



Year 


224 Institutions 
Chemistry Graduates* 2 


National 
Total** 


Percentage 
of Total 


Students 
in Research* 7 


1985 


3,070 


9,679 


32 


1029 


1986 


2,742 


9,295 


29 


1187 


1987 


2,768 


8,848 


31 


1359 


1988 


2,722 


8,372 


33 


1394 



a Data from "Research in Chemistry at Undergraduate Institutions", Fourth Edition; Council on 

Undergraduate Research, B. Andieen and G.G. Wubbcls, Eds., Feb. 1990. 
b Data from American Chemical Society Committee on Professional Training, Exhibit 1. 
c Employed full time in undergraduate research during the summer. 
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EXHIBIT 4 



Reprinted with permission from the Council on Undergraduate Research Newsletter, Vol. XI, No. 
4, May, 1991. 

PRELIMINARY RESULTS OF THE 
CUR UNDERGRADUATE RESEARCH SURVEY 

Royce Engstrom 

Executive Secretary for CUR and 
Chair, Committee on Science Policy 
Department of Chemistry 
University of South Dakota 
Vermillion, South Dakota 57069 

In February the CUR Committee on Science Policy sent out a survey to all CUR members 
requesting information on their experience with the NSF-RUI (Research at Undergraduate 
Institutions) program. The survey was initiated to learn more about how well the RUI program is 
addressing the needs of investigators at predominantly undergraduate institutions. The results of the 
survey will be shared with the NSF along with recommendations from CUR based on results of the 
survey. In the present report, the information is presented without regard to subdisciplinc; a follow- 
up report will look at correlations of responses according to subdisciplinc. Approximately 1200 
surveys were sent out and 692 were returned, for a return rate of 58%. 

The first section of the survey concerned background data. The percentage of respondents by 
discipline was: Biology-25%; Chemistry-46%; Physics/Astronomy-16%; Geology-7%; Mathe- 
matics/Computer Science-4%; Administration-1%; and a few specifying disciplines other than those 
listed. Public institution respondents accounted for 26%, and private schools accounted for 62% (not 
all respondents answered every question, so the totals don't necessarily add to 100%). The 
respondents were from undergraduate only (69%) and Master's level (15%) institutions. Years as a 
full-time faculty member showed a binodal distribution, with peaks in the 0-5 years category and in 
the 20+ years category. One-fifth of the respondents were women and only 3% indicated belonging 
to an ethnic minority. 

The percentage of respondents who have submitted a proposal to the NSF-RUI piogram was 
35%. An additional 10% reported applying to regular NSF research programs. Of those individuals 
who have submitted to RUI, 64% indicated they had been successful (not necessarily on their first 
try). A total of 446 proposals were submitted to NSF-RUI (an average of 1.9 per submitter) and 221 
of those (50%) were indicated as having been funded. The success ratio is significantly higher than 
that generally reported by the NSF (-30%) suggesting that the respondents to this survey (i.e., CUR 
members) enjoy a higher than typical success rate. Whether expressed in terms of people or 
proposals, the success rate is very favorable and should serve as a source of encouragement for those 
considering application. 

An interesting correlation exists between the proposal pressure indicated above and the 
perceived financial needs of the investigators. The survey asked the respondents to indicate the level 
of annual funding required for their research program. The most frequently indicated range was 
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$5,000-15,000, checked by one-third of the respondents. The percentage of respondents indicating 
needs greater than $15,000 was 34%, notably similar to the percentage who have applied to NSF- 
RUI. Only 7% indicated the need for greater than $50,000 annually. It would appear that those who 
perceive the need for major funding are indeed applying for it, while those needing smaller amounts 
are receiving their support from other sources, including foundations and internal grants programs. 
There is perhaps a bit of the "chicken and egg" syndrome here. Is the required level of funding 
determined by the funding agency or does the required amount drive the choice of funding agency? 

The number of students involved in the respondents' research program also showed a bimodal 
distribution, with 2 or 3 students being indicated by 39% and greater than five students indicated by 
22%. The output in terms of publications per year was 0-19%; 1-46%; 2-20%; >2-10%. Only 
16% of the respondents have reviewed for the NSF-RUI program 

The second section of the survey assessed the perceived impact of the NSF-RUI program. 
The survey presented several choices for the impact that NSF-RUI had at the respondent's institution. 
The respondents could check as many as applied. The results were: 33% said NSF-RUI had made 
no impact at their institutions; 47% said the program had encouraged research active faculty to expand 
their research in scope or productivity; 37% indicated RUI had encouraged new faculty researchers; 
49% indicated it promoted student involvement; and 41% thought it encouraged students to pursue 
research careers (a highly encouraging result from the perspective of the pipeline issue). 
Approximately one-third though', NSF-RUI had increased the success rate and made more funding 
available at their schools. 

An important goal of the RUI program might be to promote acceptance of research in 
undergraduate institutions by the larger research community. Of the respondents 48% thought that it 
had. An overwhelming 90% thought that RUI should be continued, a percentage far greater than that 
of people who have directly benefitted from the program. 

The third section of he survey was completed by people who had never applied to NSF-RUI. 
Of those completing this section (449 respondents) the most frequently indicated reason for not 
applying (42%) was that their research was adequately funded by other sources, which is consistent 
with earlier information regarding required levels of funding. The second most popular response 
(35%) was that teaching and other duties have not allowed research at that level. The third most 
popular reason, selected by an alarming 25%, was that they had not been aware of the RUI program! 
Nearly a quarter (23%) stated they hadn't applied because they thought they wouldn't be funded. 
However, only 16% thought the success rate was too low to make it worthwhile. 

Of those who have never applied, 30% plan to apply in the next two years, an encouraging 
sign. Help in the pre-submission stage, notably in the form of seeing examples of successful 
proposals, a pre-submission review by a CUR member, and consultation with a program officer, was 
perceived as being valuable in writing a more competitive proposal. Clearly, a role exists for CUR in 
helping potential applicants. For those who do not intend to submit to RUI, the most frequently 
indicated reason was lack of institutional support 

The final section was completed by people who have submitted to the RUI program (35% of 
the respondents). There was some question that in the early years of RUI, applicants may not have 
known that they were submitting to a special program. Such was not the case; 91% of the people 
applied specifically to the RUI program, and no one was confused as to whether or not they were 
making an RUI submission. 
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Respondents were asked a scries of questions for both unsuccessful and successful 
submissions. (Note that many individuals would have answer) in both categories.) Successful 
proposals were preceded by consultation with program officers at the NSF only slightly more often 
than unsuccessful proposals, 73% of the time for the former and 67% for the latter. Pre-submission 
reviews by a colleague were obtained with essentially identical frequency for unsuccessful and 
successful submissions, 38% and 39%, respectively. Neither group received a great deal of help on 
their campus in preparing the proposal; 21% of unsuccessful and 22% of successful applicants said 
they had. When asked if NSF reviewers adequately understood the proposed research, not 
surprisingly, all of the successful respondents said yes, while only 58% of the unsuccessful ones said 
yes. When asked if reviewers adequately understood the nature of undergraduate research, 54% of 
the unsuccessful respondents thought not, compared to 68% of the successful ones. Another 
divergence in opinion was indicated in asking if NSF reviewers adequately understood the importance 
of infrastructure impact in RUI proposals. Only 18% of unsuccessful respondents thought so, 
whereas 77% of successful applicants thought so. In both groups, half of the respondents contacted 
a program officer after the decision on their proposal was known. Approximately half of the 
unsuccessful proposers resubmitted or are planning to. 

The results of the survey indicate several significant points that have bearing on future 
activities of CUR and on the RUI program. In terms of simply numbers of people, the 35% 
application rate would suggest that a substantial pool of potential proposal writers exists. 
Presumably, being CUR members, they represent a pool of faculty interested in undergraduate 
research and are probably more likely to apply than the general eligible population. However, the 
pool of people who feel they need to apply to NSF-RUI does not appear to be substantially greater 
than the pool that is currently applying. Indeed, the number of people indicating the need for the level 
of funding provided by NSF is very similar to the number applying. It would appear that the NSF- 
RUI program is responding responsibly to the pressure it is receiving. The success rate of the 
program, both in reality and in perception, is at a healthy leveL 

Prior to asking for increased resources in the NSF-RUI program, CUR's present emphasis 
should be on encouraging faculty and their administration to expand research programs to levels of 
activity that make use of greater amounts of support Working to make local conditions more 
conducive to research appears to be of high priority. As for the NSF, they should consider ways of 
making the RUI program more visible to faculty, considering the number of respondents who didn't 
know of the program. NSF might also consider making the connection between RUI and 
infrastructure needs clearer to the reviewers of RUI proposals. 

SECTION I: 

1. What is your discipline? 

174 Biology 7 Administration 

315 Chemistry 3 Psychology 

113 Physics/Astronomy 1 Engineering 

45 Geology 1 Anthropology 

29 Mathernatics/Cornputer Sciences 

2. Typeofins^tution: 



176 Public 429 Private 

476 Undergraduate only 103 Master's level 



52 



Testimony, Page 18 

Professor Michael P. Doyle, Trinity University 
July 11, 1991 

3. Years as a full-time faculty member 

207 0-5 103 16-20 

117 6-10 162 20+ 
99 11-15 

4. Gender 549 M 136 F 

5. Are you a member of a federally- recognized ethnic minority? 
19 Yes 665 No 

6. Your research program requires an annual funding (direct costs 
only) of: 

63 $0-1,000 134 $15,000-30,000 

\S7 1,000-5,000 51 30,000-50,000 

220 5,000-15,000 47 >50,000 

7 . Have you reviewed for the NSF-RUI program? 

108 Yes 569 No 

SECTION n: 

1 . At your institution, the NSF-RUI program has (check all that apply): 
224 had little or no impact 

323 encouraged research-active faculty to expand their 

research in scope or productivity. 
25 3 encouraged new faculty researchers to participate. 
338 promoted the involvement of students in research. 
279 encouraged students to pursue research careers. 

1 53 increased the success rate of NSF research proposals. 
218 made more NSF funds available. 

2. Has the NSF-RUI program led to greater acceptance of research at undergraduate institutions 
the larger research community? 

331 Yes 35 No 

295 Don't know 

3 . Have you attended a presentation about NSF-RUI? 
281 Yes 397 No 

4. Is the NSF-RUI program announcement clear and useful? 

473 Yes 30 No 

154 Don't know 



If not, do you have suggestions for improvements? 
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5. Is it important that an NSF-RUI program be continued? 

618 Yes 5 No 

56 Don't know 

SECTION m: 

1 . The principal reasons why you have not applied are (check all that apply): 

113 I was unaware that the program existed. 
46 My research has been in an area not appropriate for NSF 
funding. 

190 My research has been adequately funded from other (inter- 
nal or external) sources. 
53 I have been involved in funded collaboration at another 
institution. 

1 2 I have not been interested in doing basic research. 
1 56 My teaching and other duties have not allowed research at 
this leveL 

105 I didn't think I would be funded. 

71 The success rate of the program has been too low to make it 
worthwhile. 

74 I have received little or no institutional encouragement to 

apply. 
86 Other 

2. Do you plan to apply to the RUI program in the next two years? 

133 Yes 81 No 

225 Maybe 

3 . If you intend to submit, what would help you write a more 
competitive proposal 

190 Availability of pre-submission review by a CUR member 

1 1 3 Better institutional supp^" for research 

259 Seeing examples of successful proposals in my area 
203 Pre-submission consultation with NSF program officers 

1 14 Attending a presentation about the NSF-RUI program 
21 Other 

4. If you intend not to apply, what would change your mind? 

25 Institutional expectation 

90 Better institutional support, such as release time 

29 Loss of research support 

23 Availability of pre-submission review by a CUR member 
56 Seeing examples of successful proposals in my area 

24 Attending a presentation about the NSF-RUI program 
28 Changes in the RUI program 

1 1 Nothing 

6 Other 
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SECTION IV: 

1 . For your unsuccessful RUI proposals: 

53 Yes 27 No Did you consult any research program officers at 

NSF before submitting? If so, were they helpful? 
26 Yes 5 No Did you consult anyone in the RUI program? 

29 Yes 50 No Did you obtain a pre-submission review from a 

colleague knowledgeable in your research area? 
17 Yes 63 No Did you receive significant help on your campus in 

the preparation of the proposal? 
47 Yes 24 No Did the NSF reviewers adequately understand the 

research you were preparing? 
16 Yes 44 No Did the NSF reviewers adequately understand the 

nature of undergraduate research? 
9 Yes 41 No Did the NSF reviewers adequately consider the 

special instructions regarding infrastructure impact? 
37 Yes 36 No Did you consult a program officer after receiving 

notification of reviews? 
40 Yes 37 No Did you resubmit or are you planning to? 



2. For your successful RUI proposals: 

102 Yes 35 No Did you consult any research program officers at 

NSF before submitting? 
32 Yes 100 No Did you consult anyone in the RUI program? 

54 Yes 83 No Did you obtain a prc-submission review from a 

colleague knowledgeable in your research area? 
31 Yes 105 No Did you receive significant help on your campus in 

the preparation of the proposal? 
131 Yes 0 No Did the NSF reviewers adequately understand the 

research you were preparing? 
97 Yes 17 No Did the NSF reviewers adequately understand the 

nature of undergraduate research? 
75 Yes 20 - No Did the NSF reviewers adequately consider the 

special instructions regarding infrastructure impact? 
63 Yes 66 No Did you consult a program officer after receiving 

notification of reviews? 
35 Yes 96 No Were you funded for substantially less than you 

requested? 
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APPENDIX A 

THE ORIGIN OF UNDERGRADUATE RESEARCH AND ITS INTEGRATION 
INTO UNDERGRADUATE SCIENCE EDUCATION 

Undergraduate research is a relatively new educational venture and, in all respects, is an 
American invention. Growing out of the fertile combination of an investigator in search of a problem 
with a problem in search of an investigator, undergraduate research has become the most exciting 
educational development of the second half of the 20th century. Its success is measured, in part, by 
the stimulation of this experience for students to enter graduate or professional schools, but its 
principal benefit is that it imparts to students a realistic assessment of the character of a discipline 
through the process of discovery. 

Like a 16-year old who has just received a driver's permit, an undergraduate student has 
considerable enthusiasm but lacks experience. The student may have completed most of the basic 
courses expected for a major in the discipline but is not yet so sophisticated to know if a question that 
he or she might ask has already been answered. The faculty scholar, on the other hand, is an expert 
in at least one area of the discipline and understands what problems are ripe for discovery. When the 
scholar accepts the apprentice, a problem is identified and the approach to its solution becomes the 
framework of an undergraduate research experience. Initially, the scholar directs aU aspects of the 
problem's development but, eventually, the student becomes the expert 

The origin of undergraduate research is difficult to assess, and there have been different 
directions taken in different disciplines. In the sciences, which have the longest tradition of 
undergraduate research, the actual visible beginning of these experiences occurred only after the 
Second World War. There were, of course, examples of individuals and institutions that engaged in 
these activities even during the nineteenth century, but they were isolated instances peculiar to certain 
institutions and to teacher-scholars who promoted such experiences for highly talented students. 
Even Harry Holmes, a distinguished scientist and Professor of Chemistry at Oberlin College, 
inferred in 1924 that research was a proper engagement for the college teacher, but not necessarily 
for the student In responding to an earlier criticism of college teachers who engaged in research, 
Professor Holmes states (/): 

"A stimulating freshness and a feeling of authority come to the college teacher 
as he unravels the secrets of science. The teacher profits, the great body of science 
profits, and the pupil profits. The pupil then feels that he is near one of the fresh 
springs that feed the stream of knowledge into which he has been dipping. 

It is essential that the teacher do research work, i.e., be should comb the 
subject of chemistry from end to end for facts and for methods of exposition that 
will make such facts live and real to his students." 

As an educational methodology, research was to be valued because it imparted excitement into what 
might otherwise be an exposition of dull facts. But the involvement of unsophisticated 
undergraduate students in this endeavor was not expected and, for most faculty in colleges and 
universities, considered impossible. 

Undergraduate research had its beginnings in faculty research where students took on the role 
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of assistant, setting up experiments, preparing starting materials, or looking after experimental 
animals, but they did not perform the actual experiment To do so would have led to uncertainty in 
the results and their interpretation, because how could an untrained eye discern the complex nature of 
the experiment being performed? Yet in this pre- World War II en, students were involved in many 
laboratories, and they were watching the conduct of experiments and learning about the process of 
discovery. This was especially true in undergraduate institutions where junior and senior students 
were the principal workforce. In universities with graduate programs there was less need to involve 
undergraduate students; here graduate students were available and had as their principal objective the 
conduct of research. 

Something extraordinary occurred during this period Undergraduate institutions educated 
more students who went on to obtain graduate degrees in science than did many of their larger 
university counterparts which had graduate school programs. In its Report to the President in 1947 
on Science and Public Policy, the President's Scientific Research Board observed (2): 

"Although some 90 universities grant all the doctor degrees in science, 
undergraduate work in science is scattered throughout our higher educational 
system. Less than half the doctors of science receive their undergraduate training in 
the same school that confers their advanced degree. The remainder complete their 
undergraduate work in about 600 other colleges or universities. 

Thus, the 90 university graduate schools depend in large part upon 700 
schools, including their own, which grant bachelor degrees in science. These in 
turn depend upon science courses in many others of the total of 1,700 schools in 
the country. Many smaller institutions have, in the past, contributed scientists out 
of all proportion to the numbers of their students. Thus: During the years of 1936 
to 1945, Furman University, Oberlin College, Reed College, and Miami University 
together graduated more students who later completed doctoral work in physics 
than did Ohio State University, Yale University, Stanford University, and 
Princeton University combined. 

Over the same period, Hope College, Juniata College, Monmouth College, 
St. Olaf College, and Oberlin College combined produced more candidates for 
doctor's degree in chemistry than did Johns Hopkins University, Ford ham 
University, Columbia University, Tulane University, and Syracuse University, all 
together." 

Why did this occur? We recognize now that research was a significant preoccupation at these 
colleges, and undergraduate students observed the challenges of investigation and the enthusiasm that 
was generated by discovery. 

Just following the end of World War II, the Research Corporation designed a funding 
initiative, the Cottrell Grants Program, to provide incentive for scientists to return to college" and 
universities rather than joining on-going industrial and federal research at the large central laboratories 
into which they had been "drafted" for the course of the War (3). Grants from the Research 
Corporation were provided to faculty in chemistry and physics departments for research in which they 
were engaged or about to initiate, and a significant fraction of these grants were awarded to scientists 
at predominantly undergraduate institutions. Not surprisingly, in those early years most of these 
Cottrell grants were received by faculty at institutions that already had a recognized tradition of 
research. But these grants, unlike contracts provided by the Office of Naval Research (ONR) at that 
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time, made possible full time summer research for selected undergraduate students. 

Faculty members who were performing research in the sciences during the summer needed 
assistants and, without the cadre of free labor available when classes were in session, found that 
student employment provided the necessary wor kf orce. Funding available from the Research 
Corporation provided this flexibility to certain faculty. No longer limited by the time constraints of 
coursework, students become more intimately involved in actual experimentation. They learned the 
techniques and mastered observation with critical evaluation of results. By the end of the summer, 
these summer employees were well versed in experimental details and filled with the excitement of 
potential new discoveries. With the advent of the new academic year, faculty curtailed their research 
in order to prepare for classes, but their students, enthusiastic with experience from their summer 
research engagements, came into the laboratory with regularity to continue their experimentation. Out 
of this was borne the beginnings of undergraduate research in the sciences. 

The next major leap in the development of undergraduate research occurred in the early 1960's 
when the National Science Foundation initiated the Undergraduate Science Education program which 
became their Undergraduate Research Participation (URP) program. In this post-Sputnik era, this 
country placed a nigh premium on encouraging students into careers in science and engineering, and 
the URP program was created with the belief that if you allow an undergraduate students to 
experience the challenges and excitement of discovery, their participation would become an addiction. 

The success of the URP initiative during the 1960's can be measured in terms of the rapid 
increase in the numbers of students who obtained their Ph D. degrees in the sciences (4) and in the 
comments of URP students who found that their undergraduate research experiences led them to 
careers in the sciences (5). The URP program had its greatest impact on students in biology, 
chemistry, and physics - so much so that by the early 1970's more students obtained their Ph.D. 
degrees in these fields than there were positions available to them. Grants awarded to public and 
private colleges and universities opened new vistas for many institutions without prior experiences in 
undergraduate research and, in many respects, the enterprise was institutionalized in the sciences 
during this period. 

Although the largest single contributor to the development of the tradition of undergraduate 
research in the sciences, the National Science Foundation's Undergraduate Research Program was 
not the only initiative. Research grants to faculty awarded by the National Science Foundation and 
the National Institutes of Health were often used, in part, to support undergraduate research. The 
Petroleum Research Fund, administered by the American Chemical Society, encouraged undergrad- 
uate research through their Type B grants to faculty in undergraduate departments at colleges and 
universities. The Research Corporation continued its funding ventures and, in 1971, initiated its 
College Cornell Science Program to support faculty and student research at private (now public and 
private) undergraduate institutions. Even organizations as diverse as the Argon ne National 
Laboratory and Du Pont hired undergraduate students to undertake research experiences in their 
laboratories. Similar support mechanisms for undergraduate research did not exist in the social 
sciences, humanities, and the arts. 

In part because of the excess supply of scientists in the early 1970's, various attempts were 
made to dismantle the URP program, but without success. Instead, its goals and targets were 
changed from year to .year until 1981 when this program, along with the entire science education 
operation at the NSF, was terminated. Unfortunately, the URP program was lost at the same time 
that the number of new Ph.D.'s entering the mainstream of science who were U.S. citizens was 
declining to pre- 1965 levels. Reconsideration of this impact, principally through a comprehensive 
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study of undergraduate science, mathematics, and engineering education by a Task Force of the 
National Science Board (6), as well as efforts undertaken through the NSFs Chemistry Division, 
resulted in the resurrection of undergraduate research participation through introduction of the NSFs 
Research Experiences for Undergraduates (REU) program, now in its sixth year. 

The very nature of undergraduate research requires a special talent in the preceptor. The 
problems undertaken must be significant but they must also be doable within a limited time frame, and 
students must be given the opportunity to develop the investigation. Often the research begun by one 
student is continued by another. In other approaches teams of students are engaged, each assigned to 
a particular aspect of a problem, or the preceptor and student approach the investigation together, each 
contributing to its development. No single model is appropriate to all investigators or all 
investigations. 

Twenty years ago undergraduate research was liming in most institutions to students in their 
senior year, and the term "senior research'* was commonly applied to this endeavor. The remnants of 
this are still seen in "senior honors projects" at many colleges and universities. However, such limi- 
tations may actually inhibit the development of students in a research program since their graduation 
abruptly terminates their investigations just when they are most capable of obtaining critical results. 
Instead, early entry into research allows students the luxury of learning about research, making 
mistakes, and understanding pertinent literature with time remaining to thoroughly investigate thr 
problem. There is an intimacy of association that comes from intense involvement in a research 
program. For students who have tasted the excitement of discovery, their addiction continues after 
graduation. 

Our experience at Trinity University, a liberal arts institution of 2300 students, exemplifies the 
importance of undergraduate research in the development of student careers in science. Un'ikc many 
institutions to which Trinity University is now compared, prior to the 1980's her science students 
entered medical school or industry rather than graduate school Science was not her principal 
strength, and her alumni do not yet include members of the National Academy of Science. However 
the 1980's brought significant changes to Trinity that evoked an excitement for careers in science at a 
time when, nationally, student interest in the sciences was rapidly declining. For example, in 1989 
Trinity graduates received seven National Science Foundation Graduate Fellowships, placing 14th 
among U.S. colleges and universities and universities in awards per capita. 

The Department of Chemistry exemplifies the dramatic changes that have occurred. Between 
1970 and 1985 an average of seven majors per year graduated, and fewer than one per year entered 
graduate school in the chemical sciences. By the end of the 1980's the number pf chemistry majors 
had nearly tripled, an average of seven students per year was entering graduate school in chemistry or 
biochemistry, and in one two-year period five Trinity University chemistry majors received the presti- 
gious National Science Foundation Graduate Fellowships - nearly 5% of the total awarded nationally. 

What are the factors that contributed to this change? Prior to 1985 fewer than 5 students per 
summer were engaged in undergraduate research. In the summer of 1990, 41 students were 
performing research with chemistry faculty, and one-third of them had only completed their freshman 
year of studies; and for the summer of 1991 nearly the same number of students were engaged in this 
activity. Funding for these programs has come from research grants, mainly from the National 
Science Foundation, a site award from the NSF-REU program, and 'contributions from private 
foundations, All of the students who have undertaken careers in the chemical sciences since 1985 
have credited their decision to their undergraduate research experience. 
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MICHAEL P. DOYLE 

Professor Michael P. Doyle is a nationally recognized research scientist and 
chemical educator. Born and raised in MmneapoHs, Minnesota, he received his B.S. 
degree from the College of St. Thomas In 1964 and his Ph.D. from Iowa State University in 
1968, where he war, a U.S. Public Health Servtee (NIH) PredoctoraJ Fellow. He was a 
postdoctoral associate and instructor at the University of Illinois at Chicago before he began 
his academic career at Hope College in the Fall of 1968. Rising rapidly through the 
academic ranks, he was advanced to the level of Professor in only six years, and in 1982 
he was appointed the first Kenneth G. Herrtek Professor at Hope College. In 1984 he 
moved to Trinity University as the first Dr. D.R. Semmes Distinguished Professor of 
Chemistry. 

Dr. Doyle has received wide recognition for his scientific and educational achieve- 
ments. He received a Teacher-Scholar Award from the Dreyfus Foundation (1973-78), he 
was presented with the Chemical Manufacturers Association Catalyst Award in 1982, and 
he was the third recipient of the American Chemical Society Award for Research at 
Undergraduate Institutions sponsored by the Research Corporation (1988). He is the co- 
author of two textbooks for organic chemistry and one monograph. He has served as a 
member of the Research Corporation's Cottrell Program Advisory Committee (1978-83), 
and he is currently a member of the Research Corporation's Board of Directors. He was the 
first faculty member from a liberal arts college to be appointed as a member of the National 
Science Foundation's Chemistry Division Advisory Committee (1982-85), and he is 
currently a Member of the National Research Council's Board on Chemical Sciences and 
Technology (1989-92). His professional activities have extended from involvements with 
the International Union of Pure and Applied Chemistry, where he is Titular Member and 
Secretary of the Commission on Physical Organic Chemistry, to service on numerous 
review panels and workshops of the National Science Foundation, National Institutes of 
Health, and National Academy of Science. His activities in the American Chemical Society 
include appointment to the Committee on Professional Training, which approves chemistry 
departments for student certification, election to the Executive Committee lor the Division of 
Organic Chemistry, and appointment as Chairman of the ACS Committee for the 
Membership Affairs (1990). Since his move to Trinity University in 1984, he has presented 
more than 100 invited lectures at professional meetings, universities, and chemical 
industries. 

Dr. Doyle and his students have coauthored more than 130 research publications 
during the 22 years since he began his academic career in 1968. Undergraduate student 
co-authors number 90, and half of these students are credited with two or more 
publications. Counting only undergraduate coauthors, 45 have either received their Ph.D. 
degree or are completing the requirements for their Ph.D., 10 have received their M.S. 
degree, and 30 have obtained or will obtain their M.D. degree. The research areas that 
have captured student interest extend from the chemistry of nitrogen oxides in biological 
systems, electron transfer reactions, and diazonium ion chemistry to organosilane 
reductions and selective oxidations. Dr. Doyle's current research interests include the 
design of catalysts for highly selective chemical transformations and the development of 
new synthetic methods Involving carbenes. 

Dr. Doyle was one of the founding members of the Council on Undergraduate 
Research, its first President (1978-83), the Editor of its Newsletter (1978-present), and the 
Chairman of this organization (1978-89). He has been Chairman of the Executive 
Committee for the National Conference on Undergraduate Research, and he was 
Conference Chair for the Third National Conference held at Trinity University In 1989. 
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Prof. M,eh«1 P Doyle of Tnn.ty Un.vers.ty holdmg- a bode contain- facturing technique, allow. With him were Michael jarstfer wh^ 
mg h.« creation,, the Doyle catalyst,. The catalysts may be capable of helped write a paper on the project, and Bridget Branou an" Zy 
sy.iihet.ant purer pharmaceuticals and pestie.de, than current manu- Kuala, right, who worked on She catalysta in the UborTo " * 

Trinity U. 

Students as Catalysts in a Chemical Change 



SAN ANTONIO 
. - With the aid of 
undergrjduate 
students, a chem- 
utry professor a I Tnnny University 
has developed a diss C f catalysts 
that may be capable ol synthesizing 
purer pharmaceuticals and pesti- 
cides than Is currently possible. 

Named for the.r crejtor. Michael 
P Doyle, the Doyle catalysts, when 
used to promote a chem.cal reaction, 
can manufacture enly the chemical 
substance needed, without producing 
other substances that can cause un- 
plcii3nij.de effects 

Nancy Mills, a chemistry prolessor 
at Trinity. Mid the Doyle catalysts 
could be used in the production of pes- 
ticides like Permecmn. which it ef- 
fectivc against houseflies and mus- 
urd beetles They have also synthe- 
sized pharmaeeutteals nke imipe- 
nem. an antibiotic similar to pemeil- 



llru 

The Federal Drug Administration 
and the Environmental Protection 
Agency have indicated that they may 
eventually require pharmaceutical* 
to be "optically pure Isomers," Pro- 
fessor Doyle said That refers to a 
condition where only the specific 
drug needed is Produced in the syn- 
thesizing. Hit catalysts would enable 
manufacturers to comply with ex- 
pected Federal regulations, said Pro- 
fessor Doyle, who ts the D.R. 
Semmej Distinguished professor of 
Chemistry. 

•A Chance to Discover* 

Research Corporation Technolo- 
gies, which has a contract with Trin- 
ity and other colleges md universi- 
ties to develop faculty inventions, has 
*ystj ient app,lca,lon for ^y' 6 "la- 

Professor Doyle's research n dis- 



tinctive as much for the way it was 
conducted as for Its scientific con- 
tent: The bulk of the work a gen- 
eratty performed by Tnmty under- 
graduates, who often publish the ap- 
propriate papers in scientific jour- 
nals. 

"The research provides students 
challenges, Insights, opportunities for 
discovery and an opportunity to de- 
cide whether it is a career choiee. -- 
Profesaor Doyle said. "More impor- 
tant, im a chance to discover." 

Among Trinity students who have 
worked with Professor Doyle are 
Bridget Qrandes. a junior, and Amy 
Kazala, a sophomore, both chemistry 
majors from San Antonio. 

Ms. Brandes and Ml Katala. who 
became involved with ihe Doyle cata- 
lysts Project while still at Incarnate 
word High Sehool here, spent the last 
c*o summers studying the catalysts, 
sometimes working up to 12 hours a 



day, seven days a week In the labors, 
tory. Dunng the school year, (hey 
work sbout 12 hours a week on the 
Doyle catalysts in the lab. 

They, along with Professor Doyle 
and four others, have written a paper 
on the Doyle catalysts that Is to be 
Published this month in Tetrahedron 
Letters, a chemistry journal. The 
other authors arc Michael Jarstfer, a 
Junior chemistry major from San An- 
tonio, and threa former students: Lm- 
nette V/aifcins, who Is at the Univer- 
sity of Notre Dame; Roland Peters 
studying at the Massachusetts Inst.- 
wte of Technology, and Cassandra 
Eigte. a professor at Williams Col- 
lege in Massachusetts. 

"At Trinity, because it's primarily 
undergrade ie. you get a lot of hands- 
on," Ms. Brandes said. "You're noi 
always fighting graduate students for 
the equipment." 
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Mr. Wolpe. Thank you very much. 

Congressman Nagle has not yet arrived, so I will introduce our 
final witness on this panel, Dr. James Swartz, Associate Professor 
of Chemistry and Chair of the Science Division at Grinnell College 
in Iowa. Dr. Swartz. 

TESTIMONY OF DR. JAMES SWARTZ, ASSOCIATE PROFESSOR OF 
CHEMISTRY; CHAIR OF THE SCIENCE DIVISION, GRINNELL 
COLLEGE, GRINNELL, IA 

Dr. Swartz. Mr. Chairman, thank you for the opportunity to be 
here today. 

I left yesterday afternoon four undergraduate research co-work- 
ers and six minority high school students working on research 
projects. In addition, I left a number of curriculum development 
projects on which I am working. 

These are the types of activities identified by Project Kaleido- 
scope which lead students to learn and pursue careers in science. 
In my 11 years at Grinnell, I have come to realize the crucial inter- 
action of teaching and research in the undergraduate enterprise. 

I firmly believe that those two areas, often thought of as competi- 
tors, are critically linked to the quality of undergraduate education 
in science. They are the two legs upon which the enterprise bal- 
ances, and it is very difficult to stand steady upon only one. 

The Grinnell chemistry program is unusual in that it has contin- 
ued during a time of dramatic national decline to graduate a large 
number of chemistry majors, over 85 percent of whom go on to 
earn graduate degrees in science. It has also been unusually suc- 
cessful in attracting NSF support. 

I believe those two observations are linked. At the majority of 
colleges in the Nation, we have programs for which inadequate 
support has left them unable to muster truly effective programs. 

In Appendix A of my written testimony, I briefly describe the 
Grinnell chemistry program and list critical NSF support. As I look 
around, I find almost no part of that program which has not been 
touched by an NSF-supported instrument or development project. 

I am happy that one of your committee members, Congressman 
Nagle, has had the opportunity to visit Grinnell and see first-hand 
what that support has accomplished. We are grateful to you, the 
U.S. Congress, and the National Science Foundation, for that sup- 
port. 

You might note from that list, however, that there are many 
grants for curriculum development, but there are none within the 
past 10 years. One might assume that we have recently been less 
successful in the grants process. But the fact is, for the past 10 
years, there have been no general curriculum development pro- 
grams at the National Science Foundation. It was an auspicious 
moment late this spring when the National Science Foundation an- 
nounced its first curriculum grants in more than a decade. 

The Neal Report, a report issued by the National Science Board 
in 1986, called for a substantial increase in undergraduate pro- 
grams at the National Science Foundation. It recommended an in- 
crease in budget for undergraduate programs, exclusive of Re- 
search in Undergraduate Institutions, to what would have been 6.8 
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percent of the National Science Foundation budget, or about $200 
million in 1991. This year, the level of funding is about $86 million, 
less than half of what the Neal Report recommended. 

Let me tell you a story about a recent National Science Founda- 
tion grant in the Instruments and Laboratory Improvement pro- 
gram for the chemistry department at Grinnell College. Two new 
faculty members decided to prepare a proposal for the purchase of 
a visible ultraviolet spectrophotometer. 

The proposal anticipated that this spectrophotometer would be 
used in experiments in the introductory chemistry course and in a 
junior level instrumental am ysis course. The award for $11,166 
was made in May of 1990. The college provided the required 50 per- 
cent match and the instrument was delivered late in June. 

The principal investigators soon began working with that instru- 
ment, to learn to use it and design the final details of an experi- 
ment to be used in the fall in the introductory course. One of them 
quickly realized that a project one of his research students was 
working on would greatly benefit from use of the instrument. 

I developed a project for minority high school students using this 
computer-controlled instrument. By fall, the infection had spread, 
and every single class the Chemistry Department offered included 
at least one experiment designed to make use of that spectrophoto- 
meter. 

A biology faculty member took notice of what was going on and 
convinced me that the two of us should submit a proposal to a pri- 
vate foundation for three additional identical instruments that the 
two departments would share for use in their introductory courses. 
A number of visitors to the chemistry department observed what 
was going on, and two have since called me for details, because 
they intended to acquire a similar instrument. 

My point here is that an $11,000 investment by the National Sci- 
ence Foundation has in one year had a large impact on a large 
number of students and faculty from more than one department, 
and in fact from more than one institution. And most of that 
impact was unanticipated. 

This ILI program has received glowing reviews, but has had level 
funding for the past three years. Since scientific equipment costs 
escalate at about 10 percent per year, that's a real cut of 30 per- 
cent. The Neal Report recommended funding of this program at 
about three times the current budget. 

The Neal Report laid out the problems and the skeleton of 
reform of undergraduate science education. Project Kaleidoscope 
put meat on those bones. Although there is substantial evidence 
that undergraduate science education is in trouble, the Project Ka- 
leidoscope report describes a number of programs which are suc- 
cessful. 

I urge you and the National Science Foundation to work with the 
undergraduate community to mount an effort appropriate for this 
issue and vital to our national interests. We have much work to do, 
but it is essential work. The dangers of not acting, risking the sci- 
ence education enterprise, are far too great to miss this opportuni- 
ty. 

[The prepared statement of Dr. Swartz follows:] 
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I am Jin Swart x, Aeaociate professor of Chemistry and Chair 
of the Science Division at Grinnell College in Grinnell, Iowa. I 
arrivad at Grinnell College in 1980 after doing under graduate 
work at a community collage and a small state college in 
California, graduate work at the University of California at 
Santa Crux, and two yeara of postdoctoral research at CalTach. I 
have recently served aa Chair of the Chemistry Department at 
Grinnell College, and now serva a* Chair of the Science Division, 
which includes the department a of Biology, Chemiatry, 
Mathematics, Physics, and Psychology. 

In my eleven yeara at Grinnell I have come to realize the 
crucial interaction of teaching and research in the undergraduate 
enterprise. I firmly believe that tnoaa two areas, often though 
of aa competitora, are critically linked to quality undergr actuate 
education in acience. They are the two lege upon which the 
enterprise balancaa, and it ia very difficult to stand ateady 
upon only one. 

I heve found that learning is e personal activity. Students 
need to feel that they can maxe the material theire. My most 
effective teaching ia that which takes place with my reaearch 
coworkers or in research- like experiences in courses. 
Kstebliahing e dense of community among the students and faculty 
is critical . Studenta get moat excited when they under atand that 
they are part of the diacovery process and have an active role, 
rather than the paasive one they all too often have come to 
expect. 

I have also realized the importance of National Science 
Foundation support for the chemiatry program at Grinnell College. 
In Appendix A, I briefly deacribe that program and list crucial 
N3F aupport. Aa I look around I find almost no part of that 
program which ha a not bean touched by a MSF- supported instrument 
or development project. I am happy that one of you, Congressman 
Nagle, has had an opportunity to visit Grinnell and see first- 
hand whet that support has accomplished. We are grateful to you, 
the U.S. Congreaa, and to the NSF for this past aupport and look 
forward to a productive future. 
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We meet today because there art ominous signs that 
undergraduate science education in the U.S. is troubled. Mot 
only are there far fewer students rompleting eciance majors, but 
there are a number of indications that instruction is of poor 
quality and ineffective. The Project Kaleidoscope report does an 
excellent job of laying out the problems and an array of 
solutions, citing exemplary .programs where those solutions have 
been successful. I believe that our problems are linked to the 
fact that, during the late 1970' a and early 1980's, the NSF 
phased out essentially all programs dealing with undergraduate 
education, and educational dsvslopment lacked leadership and 
funding. Recent work of the NSr and Congrsss (this Committee 
being a prominent participant) has begun to establish an 
infrastructure from which we might rebuild excellence in 
undergraduate science education. I will rscommend to you that 
NSr substantially enhance its undergraduate programs in the OSEME 
office. Additional programs and funding are needed in: 

i nst rune n t a t i o n r 

course and curriculum development, and 
faculty development. 

The Problems 

Allan Bromley, Head of the Office of Science and Technology 
Policy and Advisor to the President, ia quoted as follows by THE 
SCIENTIST (July 23, 1990) in response to a question about whether 
"... universities need to improve their teaching of science": 

"I do not consider that as one of our major problems — 
I'm much more concerned about the quality of science and 
math teaching at the elementary and high school levels 
than I am about the quality at the undergraduate level. 
Students in colleges and universitiss are much more able 
to cope with less -than- superb teaching, and if they have 
been taught at all well, they should be doing a 
remarkable amount on their own." 

I come before you to take issue with this statement and 
indicate whet I believe some of the problems to be with 
undergraduate science education and how the MSf and liberal *rts 
colleges can play a role in the solutions to those problems. 

We are all aware of the "pipeline problem", that wa are not 
graduating sufficient American scientists to sustain a prosperous 
and technologically advanced society and economy. I will not 
dwell upon this, but move on to focus on other symptoms of a 
troubled undergraduate science education enterprise. 

We set the stage for students to become scientists before 
they enroll in college, and if we do a poor job in pre-college 
education it ia almost impossible to effectively educate those 
students as scientists at the college level. There is, however, 
a hemorrhage from the pipeline at the college level. Over half 
(54%) of college f res amen with a strong interest in science or 
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engineering do not complete baccalaureate degrees in science or 
engineering (R.C. Alkinson, Science , 1990, 248, 425. Somehow the 
college science curriculum either lacks the ability to keep 
students interested, is too discoursging, or is too difficult for 
uosts, students who sre interested in science. This hemorrhage is 
on indies tor of poor quality instruction; students are voting 
with their feet. 

Science graduates are not repreeentativ* of the population of 
the United Ststes . Although the percentsge of women science 
majors has incressed substantially in the past 15 years, the 
source of that increase is due more to the decresse in the number 
of men majoring in science than an increase in the number of 
women. Slacks make up 12% of the population of the U.S., but 
only 4% of science bachelors degree recipients. In 1986-7 less 
than 90 institutions graduated more than two American Blacks with 
degrees in physical science. In most years fewer than ten Blacks 
or Hispanics receive PhD degrees in chemistry. As members of 
these under- rep re sen ted groups become a larger fraction of our 
workforce, the fact thst they are not pursuing science careers in 
representative members compounds the pipeline problem. We must 
alao admit that our education system is flswed if for no other 
reason than that it fails to give an equsl opportunity for sll to 
pursue science careers. 

Another critical failing of our educstional system is the 
question of science literscy. Only one of 15 U.S. adults and one 
of five U.S. college graduates is liters te in science (J.D. 
Miller, Daedalus, 1983, 112 , 29) . Colleges and universities are 
failing in the charge to educste citizens who can properly 
function in a scientific and technological society. 

We also must note that colleges and universities are 
responsible for educsting the nation's pre-college teschers. 
Our primary and secondsry school teachers consider science to be 
the area in which they sre least qualified to teach (I.R. Weiss, 
1977 Nstionsl Survey of Sci., Hath., < Soc. St. Educ , Wash. DC: 
U.S. Gov't Pri.Off., 1978) . We aust provide our future pre- 
college teschers a sound background in science and technology and 
a sense of excitement about and spprecistion of the importance of 
those disciplines, if we hope to hsve a scientifically literate 
general populstion and to provide the bsckground and motivation 
to students to pursue further study. 

The points above are the symptoms; whst is wrong? The 
introductory courses are the critical ones. It is those courses 
which discourage the largest number of those students who come to 
college intending to become scienctists. Those courses are, for 
the most part, the only ones taken by students who do not major 
in science, i.e. the students who become pre-college teschers and 
who will (we hope) be our educated citixena. In the introductory 
courses we pursue a model not much changed from the early i960' a. 
During the "Sputnik" era we had a large number of well-prepared 
atudenta entering our college a, and we perauaded many to major in 
acience. The role of introductory couraea waa to cram mm much 
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information as possible into tha cour»aa and to aalact tha "bast 
atudanta to go on for additional atudiaa in acience. 
Introductory biology, chemiatry, mathematica,. and physios became 
known aa "weed-out" couraaa. We assumed thmt acientiets could 
beat make »ciantific deciaione for tha nation, and thara was 
littla parcaivad naad for acience literacy in tha ganaral 
population. 

Today wa hava mora poorly praparad atudanta antaring tha 
univar«ity, and a much amaller proportion of thoaa atudanta 
intara»tad in acience, and a graatar naad for aciantific litaracy 
among our citixene. Ha, however, cling to tha aame modal of 
taaching, hava crammad mora and mora information into thoaa 
couraea, and "weed out" all but tha moat paraiatant and adapt. 
The material in thoaa couraaa ia almoat axcluaivaly focuaad upon 
preparing atudanta for tha 'next couree' rathar than for a lifa 
aa an educated citixon, and, thua, haa littla ralationahip to 
thair ©xperiencea. Ha hava, somehow, not racognixad that wa muat 
altar introductory couraaa to attract atudanta to acianca and to 
provide some acianca literacy to all. He need couraea which are 
nourishing rathar than herbicide!. 

Sheila Tobiaa haa recently publiehed a very revealing atudy 
of introductory couraaa in aclence. ("They're Not Dumb, They're 
Juat Different", Reeearch Corporation, 1990). She placed highly 
qualified, highly able college graduataa who had been acience 
avoidera in collage, aa "ringers" in atandard introductory 
chemiatry and phyaice claaaea. Thoee atudanta not only studied 
the material of the couraa, but reflected upon the courae 
structure, content, and atyle. Thoaa "ringers", for tha moat 
part, did very well but found the couraea diaconnected, 
imparaonal, and ineffective at either teaching acience or 
inducing any intereat in acianca among the students. The 
participants found that neither they nor the other enrol leea in 
the couraea could come up with anawera to tha queetiona: "Whst 
are we learning?" and "Hhy are we learning thia now?" 

Tha Cauaea 

So here we have the problem. Our old model of acience 
education ia not working in that it ia (1) not producing enough 
atudanta who plan to puraue careers aa aciantiata; (2) not 
engaging a repreaentative a ample of the population; (3) not 
providing a aound background and excitement about acience for our 
future K-12 teachera; and (4) not producing a scientif ically 
literate population. 

There are a number of cauaea of theae problems, but one which 
we can addreaa here today ia a lack of Federal leaderehip and 
aupport for undergraduate acience acience education. HSF eupport 
for college science has withered dramatically during the decades 
of the 1970' a and 1980' s. The. total NOT aupport at the 30 
colleges represented by the Independent Colleges Office in lfCt 
and 1987 haa declined by 53% over these 19 years, a decline of 
86% in constant dollar a. (These colleges would be s good sample 
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of the Carnegie-classified category, Liberal Art* I, which 
includes 140 independent college* and two public onea. Data 
taken from "Federal Support to Universities and Colleges" , FX 
1968 and FY 1987, National Science Foundation, Waahington, DC; 
U.S. Government Printing Office, 1969 and 1988.) Even more 
dramatically, the median school in these arrays shows a decline 
of 78% in NSF support (93% in constant dollars) , which indicates 
that the very scarce support is being concentrated in the 
stronger colleges. This data indicates the large and serious 
erosions of Federal support of science education in an important 
sector of baccalaureate education. It is ironic that this group, 
despite the lack of curricular development and scholarahip 
support from the NSF, has done better than any other class of 
institutions in maintaining high productivity of acientiats. 
("The Future of Science at Liberal Arta Colleges" and 
"Maintaining America's Scientific Productivity", Oberlin College, 
1985, 1937) 

In sharp contrast, N3F support at the re search universitiea 
has continued apace. For the 100 universities that were the 
largest recipients of Federal support, the MSF contribution went 
froi $179 million in 1968 to 71,069 million in 1987 r an increase 
of 497%. The median school increased 401%, indicating a slight 
concentration of support in the more successful universities. In 
constant dollars, the net increase in NSF support was 62% at 
those institutions. 

If one were looking around the science education landscape 
for a large direct cause of the criais in science education, none 
would be larger than this dramatic shift in Federal spending 
priorities away from a balance of education and research to 
almost exclusively research. 

This record of inadequate support has had a corrosive offset 
on college and university faculty. Many college faculty who went 
into their jobs in the 1960's and 1970' s did so when NSF science 
education support promised reasonable means of sustaining a 
career as a teacher/scholar. That vision became a chimera in the 
late 1970' s and early 1980' s as science education support at NSF 
ground to a halt. College science faculty began to use their 
summers to teach summer school, paint their houses, and find odd 
joba. Similarly, research university faculty learned that there 
was no professional future in science education. One could not 
get money to take the time and to acquire the resources to follow 
up on curricular ideas. Furthermore the peer reviewed grants 
process is one of the few ways in which college and university 
faculty can show evidence of excellence in professional activity. 
When there is no funding, there is no peer review of curricular 
or professional development, and the local reward system 
(recognition, raises, and promotion) faila to recognize 
curricular development a a substantial professional activity. So 
the ideas for improvement were ignored and gradually ceased to 
come. Research became the only game in town for university 
faculty, and, practically, the only professional engagement for 
college science faculty. 
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In contrast to the situation of support for faculty 
development in the field of science education, the National 
Science Foundation has done a far better job of supporting 
faculty development in the area of research. Excellent programs 
include Research Opportunity Awards, Research at Undergraduate 
Institutions, and Research Experiences for Undergraduates. I do 
strongly support (and have myself taken advantage of) these 
research oriented program* and am convinced they have a crucial 
role in developing excellence in undergraduate education. These 
research programs, however, affect only a very small fraction 
(about one in 300) of faculty at undergraduate institutions. 
Nhil© I believe these programs to be excellent, but under-funded, 
I would like to concentrate here on support for curricular 
development. I assert that excellence in education cannot be 
achieved by only excellence in research. Excellence in 
curriculum design and content and in instruction is also 
absolutely necessary. The 1980' s program of the National Science 
Foundation sent a message that research was the only game in 
town. That, unfortunately, was the wrong message. Again, what 
we need is both legs, curricular innovation and research, on 
which to balance an excellent program. 

In March, 1986 a task force of the National Science Board, 
chaired by Homer Neal, released a report, "Undergraduate Science, 
Mathematics, and Engineering Education" (referred to as the Neal 
Report) which presented a thorough study of undergraduate science 
education in the United States. The study found that serious 
problems, especially concerning quality, had developed during the 
proceeding decade. The report described undergraduate education 
in the sciences, mathematics, and engineering as "the essential 
bridge the schools and the nation's apparatus for research and 
development" and suggested efforts to reform it must be 
"nationwide ... and will require participation by public and 
private bodies at all levels." The Heal Report concluded tliat it 
was critical that the National Science Foundation retake a 
"Meaningful leadership role" in undergraduate science, 
Mathematics , end engineering education. 

The Federal government and NSF in particular must realize 
that they need to participate as leaders in restoring a balanced 
set of values in science faculties. The formula for reform is to 
provide professional rewards for science faculty who maintain 
strong and distinguished commitments to both research and 
education, and to recognize as lesser contributions those that 
ignore one or the other. NSF' s primary mission, enunciated in 
its charter, is to stand squarely for the unity of research and 
education in science. He have begun to see a substantial 



programs including Instrumentation and Laboratory Improvement 
(ILI), Undergraduate Course and Curriculum Development (UCC) , and 
Undergraduate Faculty Enhancement (UFE) . What we need is to 
sustain and enhance those efforts . 



improvement at NSF, with 
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The Solutions 

In 1966 the Neal Report recommended a $100 million increase 
in the annual appropriation for undergraduate education. Weal 
recommended that funding through SEE (now BHR) at a level which 
would have been 6.6% of the NSF budget in 1966. That corresponds 
to about $199 million in 1991 (these numbers will be referred to 
as the adjusted Meal recommendations) . The Current Plan for 
USEHE funded and target programs related to the Neal Report is 
$86.8 million (the total for undergraduate programs leee Research 
at Undergraduate Institutions, which was not addressed in the 
Meal recommendation) . The funding available is, thus, lees than 
half of what was conservatively recommended in thie Mational 
Science Board report. Without a substantial additional effort we 
will continue to fall further and further behind in our attempta 
to achieve excellence in undergraduate science education. An 
annual investment of less than 2% of the cost of the S3C or leas 
than 10% of the current year budget for the space station, 
Freedom , is affordable and essential to demonstrate leadership of 
the entire undergraduate science education operation of the 
nation. If we do not make such an investment we may not have 
competent scientists to -ievelop, construct, and operate these new 
technologies . 

Instrumentation. One of the first programs established under 
the newly founded Undergraduate Office of Science, Engineering, 
and Mathematics Education (USEHE) was ILL That program funds 
the purchase oZ laboratory instrumentation for uae in 
instructional (as opposed to research) laboratories . Although 
the program funda go exclusively to purchase instrumentation, the 
program is an indirect and rather effective form of curricular 
development . 

Program dollars are highly leveraged. A minimum of 50% of 
the funding must come from non-federal sources. Furthermore, no 
funds are provided to support personnel to actually develop 
experiments making use of the net: instrument. (This year the 
USEHE office expecta to fund a few propoeala in a new program, 
Leadership in Laboratory Inatruction, which do provide aome 
personnel support.) The ILI program has been evaluated eeveral 
times and ha a received glowing reviews. 

Hot only are the dollars spent in the ILI program highly 
leveraged due to matching and the fact that faculty time for 
implementation comes without any Federal support, there are other 
leveraged aspects to the program. Other faculty at the 
institution will notice the instrument, learn to uae it, and 
devise unforaeen curricular changes. Furthermore, students and 
faculty involved in research projecte will undoubtedly use the 
instrument. Faculty may (either formally through publication or 
informally) tell their colleagues at other institutions of their 
successes and encourage them to mount similar ef forte at their 
home inatitutione. 
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Let me tell you the story of a recent ILI grant to the 
Grinnell College Chemistry Department. Two new faculty decided 
to prepare a propo»al for a visible-ultraviolet 
spectrophotometer. The award for $11,166 was made in May of 
1990. The College decided to use internal funds to provide the 
match, and the instrument was delivered in late June. The grant 
proposal anticipated that the spectrophotometer would be used in 
experiments in the Tntroductory Chemistry course and in a junior 
level, Instrumental Analysis, course. The principal 
investigators soon began working with the instrument to learn to 
use it and to design an experiment for use in the introductory 
course in the fall. One of them quickly recognixed that « 
pre ject that one of hia research students was working cn would 
benefit greatly from the use of the instrument. Soon after this 
student began to work, several other students noticed that their 
research would benefit from experiments using the 
spectrophotometer. I waa developing a series of projects to be 
conducted by high school students {in a program to maintain and 
stimulate interest of highly qualified minority students in 
science), and I designed a study using this computer controlled 
instrument. By fall the infection had spread and every c? se the 
Chemistry Department offered included at least one experiment 
which made use of the spectrophotometer. This summer our 28 
chemistry research students are using the instrument nearly all 
day and most of the evening. A biology faculty member took 
notice of what was going on and the two departments decided to 
submit a joint proposal to a private foundation for the purchase 
of three additional spectrophotometers to be shuttled between 
departments for use in the introductory courses in both programs. 
My point here ia that an $11, 000 investment by NSF has, in one 
year, had an impact on a large number of students and faculty 
from more than one department, and that swart of that isvact was 
tmant ic ipat ed I 

I find three problems with the ILI program. First, there are 
substantially more qualified projects than Cojc\ be funded. This 
program has received level funding for the past three years. 
<The numbers in the USEME budget appear to have increased; 
however funds for ILI grants for PhD granting institutions which 
were previously charged to the Research and Related accounts are 
now charged to the USEME account. Thus, the budget line shows an 
increase when no increased funds for the program have been 
available.) Since scientific equipment costs inflate at about 
10%/year, there has been a real decrease of roughly 30% in the 
past three years. Secondly, much curricular innovation does not 
occur because many faculty simply do not have the time to make 
the best use of the instrumentation. I believe that the new 
Leadership program has made an auspicious start in this area, but 
the USEME office has had to carve off funds from the standard ILI 
program to support this initiative, and they expect to fund only 
a small fraction of the proposals received. Thirdly, many 
institutions find the burden of 50% matching funds larger than 
they can afford. Institutions must take on the burden of 
increased maintenance and repair costs (about 5-10% of the 
original cost /year) . Many simply cannot afford half the cost of 
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the instrument in addition to those ongoing costs. These costs 
hit less affluent institutions (including many historically Black 
colleges And universities) particularly hard. NSF should 
consider decreasing the required match from 50% to 35%. Congress 
should provide a substantial increase in the ZLI budgst to adjust 
for inflation, to support the new Leadership program, and to 
decrease the required matching funds. The Neal Report 
recommended $94 million (adjusted) for what are essentially the 
ILZ and Leadership programs. The current plan is $27 million, 
less than one third of the recommendation. 

Curriculum. Another area of critical need is direct 
curriculum development. It was an auspicious moment late this 
spring when the National Science Foundation announced its first 
curriculum grants (for general science curricula) in more than a 
decade. The Undergraduete Course and Curriculum (UCC) program 
currently focuses upon curricular development in introductory 
science courses. (There are two separate programs which have 
awarded a small number of fairly large grants, one focused on 
calculus instruction and one on engineering instruction.) In 
this, the first year of the program, the community responded with 
a flood of ide&a. The USEME office received 714 proposals 
requesting $260 million, but could only fund a total of $9.25 
million in projects. It is clear that there are ideas for 
curricular reform. There are, however, not enough resources 
available to support a comprehensive effort. There is a 
significant risk in operating a program with such s low success 
rate. Once individuals get the word that the odds of being 
funded are only about one in 28, they will be discouraged from 
spending the time (typically 60 hours) to prepare and submit a 
proposal, and innovation dies. 

Funding is not the only problem in the curriculum area. The 
program, as it is now designed, only supports curricular 
innovation in the introductory courses . It does not explicitly 
address the issues of science literacy or curricula beyond the 
first year. These two areas are also filled r'th problems and 
ripe for reform. The Alfred P. Sloan Foundat n. has recently 
concluded a ten year project, The New Liberal Arts Program, 
aimed at improving scientific, quantitative, and technological 
literacy of liberal arts student*. Funding in that program was 
limited to a few highly selective liberal arts colleges and 
several historically Black colleges and universities. NSF should 
take the opportunity to take the baton from this program and to 
broaden the impact from the rather narrow set of institutions . 

The I LI program is really the only program which now supports 
curricular innovation at the advanced undergraduete level, and it 
does so only indirectly. While I recognize that the most 
critical area for reform is at the introductory level, UCC should 
be expanded to address problems at other levels as well. 
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Finally, Z would like to address the question of style of 
curricular innovation and reform. It is often tempting to single 
out a few select, highly visible institutions, fund them at high 
levels, and expect them to devise an excellent curriculum which 
everyone would adopt. To do that would be to repeat: the mistakes 
of the centrally planned economies. That is to say that a few 
have such good ideas that all should adopt them. The problems 
here are manifest. First, it assumes that there are one or 
several curricular models which will work everywhere. There in 
absolutely no evidence that this is the case. I am confident 
that the needa for curriculum are different at CalTech, Grinnell 
College, the University of the District of Columbia, Clark- 
Atlanta, and the University of Wisconsin. * The other issue here 
is that curriculum is personal. Faculty do their beet teaching 
and students their best learning when they have invested 
themselves. Just as in economic development, the most successful 
work comes out of an entrepreneurial spirit, when many 
individuals have the opportunity to try their own ideas. Some of 
those ideas will be outstanding, noticed by others, and emulated, 
but the key to excellence is to promote individual efforts. If 
we adopt the centrally planned economy approach we doom ourselves 
to the degree of success which we now see results from that 
approach. My point here is that we should support many smaller 
projects rather than a few large 'model' projects. We also need 
to allow some projects to develop just as local improvements, not 
requiring them to be national models. Small project* aimed 
simply at improving courses for the students at the home 
institution will benefit those students, and may, in fact, become 
model programs, but we typically have trouble recognising which 
projects will be such successes st the very beginning. Row many 
of us recognized that Intel, Apple Computer, or WelMart were 
likely to be so successful thst we wagered s substantial portion 
of our resources upon them in the stsrt-up phsses? 

The Neal Report recommended funding of $24 million (adjusted) 
for curriculum efforts. The Current Plan is $14 million, s 
little over half of the recommendation. The NSF should expand 
curricular reform efforts to include science literscy, upper 
level courses, and locsl course improvement. 

Faculty Development. A third productive sres for NSF 
programs is faculty development, it is essential that faculty, 
throughout their careers, keep up to date in the rapidly changing 
fields of science and remain excited about their work. The NSF 
has s number of excellent programs for faculty development 
focused upon the research environment. There is only one program 
which funds nont-research activities, the Undergraduate Faculty 
Enhancement program. That program supports seminars and 
workshops to sssiat faculty in maintaining their competence in 
their disciplines, and to broaden their expertise, but here sgain 
only s small fraction of eligible faculty (about 1%) are 
supported. 
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KSF needa to aubetantially broaden it» support of 
undergraduate faculty development program*. Ths Acting Director 
recommended in hia November 16, 1990 report, "The Inf raatructure 
of Undergraduate Education", to your full committee initiativee 
in this area including: 

supporting acience and anginaaring faculty to take 
leaves of abaanca to study pedagogy, or to combine 
reaearch and aducational improvement in each a 
leave . 

support for faculty profeaaional activitiaa at thair 
own echoola and involving their own etudente that 
includes aubjecte beyond traditional disciplinary 
reeearch. 

support for poetdoctoralc, two year collage 
teachers, and high school teachers to work with 
college faculty mentor a on projects that combine 
teaching and reaearch. 

I wholeheartedly endorse these suggested initiatives and hope 
that NSF can find reaourcea to initiate them. The Heal Report 
recommended funding of $24 million (adjuated) for faculty 
development programs. The Current Plan ia $4 million for the uTX 
program, only about one eixth of the recommendation. 

Facilities. I ehould make a brief comment on facilities. It 
ia, of course, eaeential that appropriate facilitiee be available 
for any strong program to evolve and auetain itself. There haa 
been considerable recent diecuaeion of the poor atate of U.S. 
acientific reeearch and inetructional facilities. The NSF has 
mounted a email effort to deal with renovation of reeearch and 
reaearch training, but not inetructional, facilitiee. I wae 
involved in making recommendatione to and reviewing the 
guidelinea for that program, and eubmitted a succeeeful proposal. 
I would like to compliment the NSF on eetablishing what I believe 
ia an excellent program. Critical in that proceae wae the 
grouping of institutiona ao that a variety of typee of could 
compete againet other like institutions. I want to make clear 
here that there waa no entitlement for anyone, but a chance for 
the NSF peer review proceae to chooee excellence in different 
typea of inatitutiona. The program haa been very email, but I 
believe it ie a highly aucceeeful modal upon which to build. 
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Concluding rwnrlci 

The Neal Report laid out the problems and the skeleton for 
reform of undergraduate science education. Project Kaleidoscope 
has put meat on those bones. There is substantial evidence that 
there are severe problems in undergraduate science education. 
The Project Kaleidoscope report, however, describes a number of 
programs which, in a variety of settings, are successful. I urge 
you and the National Science Foundation to work with the 
undergraduate community to mount an effort appropriate for this 
issue so vital to our national interest. One issue critical for 
Congressional action is to increase the funding available for 
undergraduate programs administered by USKMK to be consistent 
with the recommendations of the Neal Report. At a minimum, 
doubling of the budget for undergraduate activities is in order. 
He have much work to do, but it is essential and rewarding work 
which will have great rewards. The dangers of not acting, 
risking the science education enterprise, are far too great to 
■iss this opportunity. 
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APPENDIX A 

An Ebcanplo of the Crucial Fola of NSF Grant Support 
in the Evolution of the Griimell Collega Crismistry Department 



The Casuistry Department currently nunbers six faculty, ha* two staff, 
produce* 15-20 B.A. chemistry majors par year frcn an enrollment of 1270, and 
has about 130 each year in the introductory couraa. the Table sunnarijEee K3T 
grant support in the Chemistry Department ainoa 1964. Aa ona read* through tha 
list it may be noted that virtually no araa of irivolvement of the Department was 
untouched by NSF support. All of the equipment, whether acquired for "reeearch" 
or "inatructicnal'' purposes doao duty for both, which is an afficient use of 
funds. Funds for improvement of facilitia* were hard to find in this period, 
but tha Collage used an NSF-CAUSE grant in 1979-82 in part for this purpose - to 
remodel and anlarga a space for a bdochenistry laboratory, a rapidly changing 
area of chemistry. Department also did a fair bit of improving of curricula 
via tha CAUSE, DOCI, and several instructional aqmrmant- grants (ISEP, CSJP, and 
HJC) . Tha raeaarch grant* are a form of faculty development at a rather high 
level of oavelopaent) but the several URP grants (and lately an FEU grant) and 
sabbatical leave support grants are direct faculty oavalopment project*. 

The Department in 1990 finds itself well equirped with state-of-the-art 
inetruoentation, mostly of a mora modest design than might obtain at a raeaarch 
institution but adequate for publiahable research. NSF has furnished crucial 
help in almost every case in acquiring this jjistruaantation. This in itself is 
a strong spur for faculty professional activity, to student research, and to uf>- 
to-data experimental work in courses. Equipment is not the only thing that is 
needed, but it has valuable catalytic effect* on many other araa* of endeavor in 
a small non-doctoral department. 

Thio record of successful grant activity was not put together without some 
discouragement. A few of the proposals ware successful the first time ground, 
but aost of them required persistence. In particular, the large CAUSE grant 
wart through two failure*, the UW? grant in 1978 was preceded by three failures, 
vxl aost of the research grants to individuals were preceded by one or more 
failure*. It is extremely important to see this. Those grants whan finally 
acquired made a huge difference in the evolution of tha Department. Not only 
was important work done, but the members of the Department ware forced to think 
through what they wished to do and to find a rationale for doing it that 
persuaded their peer*. The value of that is probably equivalent to the value of 
the grant itself. 

The Chemistry Department at Grinnall College according to many statistical 
maasuree and Qualitative judgments of peers is in aotcellent shape. It has 
probably gotten relatively stronger in its science education capacity over the 
past 30 years. But it should not be missed that the crucial agent of that 
inprovomant and of the robust current condition ha* been NSF support chiefly 
through the Science Education Directorate but also through the research 
directorate. If one ware to subtract NSF support, not much science education 
competence would remain. Grinnall minus about twoHirirds of its NSF grant 
support would represent moat college chemistry departments in the U.S. today. 
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Ti— in j of N*-9ufpacted Science ■fa ce ting Projects 
in the Ci— IM q Pqpeact— nl of Qrinnall College 1964-91 



Project 



50 Student projects in 
'J2 year* 



Sabbatical. Leave Rs- 
aearch - Science 
Division 

Sabbatical Leave He- 
search - Prof. L.E. 
Erickson at Univ. of 
North Carolina 

Research Grant - 
J.D. Danforth 

5 student projects 

15 Student projects 

Research Grant - 
L.E. Erickson 

6 student projects 

Biochemistry Labora- 
tory Equipment 

60 Hte Of Nuclear 
Magnetic Resonance 

Spactrofluorcmster 

LV-VIS Spectrometer 

Biochemistry/Molecular 
Biology and Equip. 

60 MHz IT Nuclear Mag- 
netic Resonance 
Spectrometer 

Physical Chemistry 
Lab. Curriculum 

3 Student pro jects 

Gas Chromatography 
Mass Spectrometer 

Sabbatical I*ave Re- 
search - G.G. 
Mubbels at Unir. of 
Leiden (Neth.) 



Total Coat 
$ 66,600 

$240,000 

$ 7,000 

$ 30,000 

$ 25,000 
$ 25,100 

$ 10,000 

$ 30,000 

$ 10,600 
$ 21,750 
$183,000 

$ 40,000 



Year 



NST P xu4i-a a 



$ 10,000 
$ 63,000 

$ 19,560 



1964-1971, Sunrar Research 
1973 P 1978 NST-UV 
1980,1981 



1967-71 



1968-69 



1978 
1979 
1979-82 

1980 



1981 
1981 

1981-82 



NSjr-COSIP 



NSF-SFT 



1968-73 NSF 

1970-71 NSF-90S 

1970-73 NST 

1972 NST-ISEP 
1974 



NSr-Chea. Instr. 

NST-ISEP 
N3F-69*. 
NSF-CMSK 

NSF-2Y/4Y 



$ 13,000 1980-82 NSF-LOCI 



NSF-SI-tW 



NSF-Chem. Instr. 
end ISEP 



NSF-SFPD 



NST Contribution 

$ 68,600 

$ 180,000 

$ 7,000 

$ 30,500 

$ 18,970 

$ 25,100 

$ 5,000 

$ 20,000 

$ 5,300 

$ 11,600 

$ 122,000 

$ 25,000 

$ 13, 000 

$ 8,500 

$ 25,000 

$ 19,560 
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ElacfacocbaMiai iy B^olp. 

Sabbatical Lmm r»- 
aaaxch. - Jtlliott 

of Calif., San Criuago 

Ktn o aa ooha Xaatr 
Transient afcactro- 



$ 22,500 
$ 8,500 



1982 
1984-85 



Raaaaxch '3fc»<. - 

G.G. Ifcfcbala 
15 Studant projects 

300 Maclaar Mag- 
netic Baoonano* 
Spacfact—bar 

Liquid Cbmnafivynph/ 
Dioda Array Bat actor 

rouriar Tranafoxa 
Xnfrarad Spmdtxo- 



$ 46,800 1985 



9106, 100 1986-88 



$220, 000 1986 



$ 30,000 
$ 48,000 



1986 
1987 



Sabbatical Lam 
navaarch - J. Snaxts/ 

0. of Mm. 

Low rraq. MaX Froba 

Baaaarch Grant - 
G.G. WUbbal* 
18 atudant ptcojact* 

Diocte-arxay OV-Via 
apactr. 

30 Stuctaat pcojact* 

ftanxtoling of CI mm it try 
Raaaarch racdlitiaa 



$ 20,000 1987-88 



* 7,000 
$130,500 

$ 22,332 
$ 120,000 
$ 250,000 



1989 

1989- 91 

1990 

1990- 92 

1991- 93 



NST-2Y/4Y 
NSF-B0A 

N3F-C3IP 

ot-bui 
hst-bui 
nst-bui 



W-BUI 
HSr-KH 



$ 22,500 

$ 8,500 

$ 23,400 

* 108,100 

$ 95,300 

$ 8,500 

$ 24,000 

* 20,000 

$ 7,000 

* 130,500 

$ 11,166 

* 120,000 
$ 250,000 
$1,419,096 
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Mr. Wolpe. Thank you very much. I want to express my appre- 
ciation to the witnesses for some excellent testimony, both verbally 
and in the written statements in which you are able to elaborate at 
greater length with specific recommendations. 

I want to commend you, Dr. Sullivan, and all your colleagues 
who worked on Project Kaleidoscope for a really excellent job. We 
are fortunate to have several representatives from the Project Ka- 
leidoscope executive and advisory committees testifying today, and 
you have drawn on a number of excellent resources for your study, 
not the least of which is our own chairman, George Brown, who 
was referred tc in the testimony a moment ago. 

I understand you have submitted your report to the National Sci- 
ence Foundation along with a letter to Dr. Massey which summa- 
rizes your recommendations. We of course look forward to hearing 
NSF's comments on Project Kaleidoscope later in this hearing. 

[The letter mentioned above follows:] 
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May 1. 1991 

Dc Walter E. ataaaey. Director 
The National Science Founeuion 
, DC 20650 




Praject LikioW*©* 
Suite 124S4C0 

1731 Rk*de kUod A»enu< N.W. 



Dear Dt Maascy: 

On behalf of ary colleagues on the Executive and Ad v 1*0.7 CommiUee* of Project Kaleidoscope, it is 1 
pleasure to co-uaunicaic with you in your first week* at Director of ihe National Science Foundation. Project 
KaJodoscope ha* been an extended effort involving presidents, deans, and faculty in mathematics and the 
natural sciences from the nation's liberal arts colleges and other predominantly undergraduate institutions. 
We received WSF support fast the Education and Human Resource* (EHR) Directorate — Division of 
UndertjaoVuale Science, Enprtcering. and Mathematics Education (USEME). with additional grants from the 
Exxon Education Foundation, The Pew Charitable Truata, the Kellogg Foundation, and the Camille and Henry 
Dreykua F ' ' - 



Our charge was to outline a plan for the coming decade for undergraduate science and mathematics education 
in the uben. arts setting; our report presenting this plan of action, -What Works: Ouilding Narural Science 
CommuiuUes,- will be published in June. We recognize that the NSF must take the leadership role if the 
nation's problem in undergraduate science and mathemalica are to be addressed, and present here for your 
con^ckratKHi our recommendations that peruin specifically to the NSF. Thi* letter will be included in the 
report and thereby become part of the formal record of Project Kaleidoscope. 

We began our work in the fall of 1989 convinced that undergraduate science and mathematics must be 
strong if the challenges facing this country are to be met — if we are to have 1) an educated citizenry that is 
saenufically and technologically literate, 2) adequate numbers of weu-cquipped scientists and mathematicians 
tor UvewOons aeademie and research communities, and 3) scientifically competent and confident primary and 
secondary school teachers. A strong undergraduate sector is critical if thi* nation is to attract more women and 
minorities into science and mathematics. 

Both the forthcoming report and the Project Kaleidoscope National Colloquium, held at the National Academy 
of Sciences on February 4- and 5. 1991 . have been based on our experience and analysis of undergraduate ' 
programs that succeed in attracting and sustaining student interest in science and mathematics. Oyer 600 
persons participated in the National Colloquium, representing colleges and universities from across the 
country, federal and private funding agenc.es, and education*! associations Dr. Frank Press, in h.s welcom.nr 
remarks, called it perhaps the moat important gathering at the Academy In twelve months. Our report will 
include Himmanes of colloquium activities, including presentations by Dr. James L Poweli, Congressman 
George E. Brown, Jr„ and Dr. D. Allan Bromley. 

We applaud your commitment to " . strengthen the research base and infrastructure and improve science 
education and I opportunities foe all students . . ." as expressed in your recent Congressional testimony We 
believe liberal arts col leges and other predominantly undergraduate institutions offer an ideal venue for reform 
efTorts. Because of the>r»» — small enough 10 make change possible, their uwuuuonai commitment _ 5lronp 
enough to makechangelikdy. and their proven need of productivity, these institutions proy.de an excellent 
place from which 10 itart the reform of undergraduate science and mathematics. 

This reform should be based on » clear understanding of kHm iru*,. He are convinced that science and 
maihcmalics education works whercxer ,t takes place within an active community of learners where Mudeuts 
work collaboratively in groups of manageable size, and where faculty are dceplv committed to tea. hint 
devoted to student succtis, and com. need thul all students can learn. It works where learning IS JC liv/ handi- 
on, investigative, and cipcnential. and where \h* curriculum is rich in laboratory experiences steeped m the 
methods of scientific research as it is practiced by prufess.onal scientists. This approach work* for women for 
ininontics, lor all students. 
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We are convinced that the success of predominantly undergraduate colleges in attracting, retaining, and 
graduating persons who ap on to science and mathemaUca careers and who become scientifically literate 
cat iaene can be traced directly to this approach. You and your coi league* in the federal sector can be assured of 
our intent to be active partners in the national effort lo strengthen science and mathematics at all educational 
levels. Four initiative! must receive highest priority in the immediate future if this approach ia to be implemented 
in schools and col leges across the country. The recent FCCSET report is consistent with these initiatives, 

INITIATIVE I REFORMING THE INTRODUCTORY COURSES IN UNDERGRADUATE SCIENCE AND 
MATHEMATICS. 

INITIATIVE H SUPPORTING THE INTEGRATED TEACHER/SCHOLAR ROLE OF UNDERGRADUATE 
SCIENCE AND MATHEMATICS FACULTY, 

INITIATIVE III. MAKING DISCIPLINARY CONTENT AND ACTIVE LEARNING CENTRAL TO THE 
EDUCATION OF K-12 TEACHERS 0FSC1ENCE AND MATHEMATICS. 

INITIATIVE IV. DEVELOPING PARTNERSHIPS FOCUSED ON STRENGTHENING LNDERGRADUATE 
SCIENCE AND MATHEMATICS. 

You will find specific rerommendations for ihe N'SF in relnion 10 these initiatives in the accompanying exhibit. 
Although each is described separately, there is I strong relationship among these four initiatives — each 
dimension of the undergraduate effort must be considered integral to the whole. Efforts will not succeed if the 
reform of introductory courses is seen as separate from faculty enhancement activities, or if leaching and 
research axe seen in competition with each other rather than as integrated responsibilities of the undergraduate 
faculty member. Furthermore, such efforts will b< unproductive if advances in scholarship, technology, and 
P*d'8°B7 * re 001 linked explicitly to programs (or instrumentation acquisition and curriculum development. 

In each of these initiatives, careful attention must be paid to under- represented groups in science — women, 
minorities, and handicapped — whose lives would be enriched by greater achievement in these areas, and 
who would in turn make a significant contribution to the lives of us all. This is one reason why, in Project 
Kaleidoscope, there ia strong participation of faculty and administrators from Historically Black Colleges 
and Universities. Everyone has much 10 learn from their successes. 

We do not expect the NSF to meet all the needs of undergraduate science and mathematics wjih grant support, 
however, we do look to the NSF to set the parameters by which reform efforts ire to be undertaken, evaluated, 
and disseminated, and to do this in concert with the community it seeks to serve. The graduates of institutions 
for which we speak have made and can continue to make a significant contribution to the nation '3 scientific 
infrastructure — as citizens, and is members of the academic and scientific communities. The liberal arts 
colleges need to be at the table as policies and programs affceting undergraduate science and mathematics 
are considered. Congressman Brown emphasized this in his presentation at the Project Kaleidoscope National 
Colloquium, saying that reform efforts need financial support, but more important. thc> need an environment 
in which people collaborate in wormng toward mutuallv agreed-upon goals 

Our woric builds on that of many others — trie National Science Board (The 1985 Neai Report J. the work of 
the "Oberiin 50 Colleges." the Council on Lndergraduate Research, and the member institutions of The 
Independent Colleges Office — in the effort to help focus attention on the significance of the undergraduate 
academic experience in the science and mathematics pipeline, tt'c recognize that considerable progress has 
been made, and are grateful 10 Drs Bassam Shakashin. Luther Williams, and Robert K atson for their 
leadership. However, one challenge you face is to bnng a clearer focus 10 undergraduate activities within 
the Foundation. We look to the NSr 10 mount a lustamcd effort to strengthen undergraduate science and 
mathematics, and urge you not 10 abandon programs before they have had lime to work It takes lime 10 
accomplish effective change. 

Beyond the initiatives presented here, thrre arc further issues we believe must be addressed 



Xll 



9 

ERLC 



I 



i5 

\ 



82 



First, a concern U that current discussions — about the relaibnahip of leaching and reaearcK about Wane* 
between big science and Utile science, at well m balance between educational sectors — aaay not be informed 
by a clear understanding a/ what the predominantly undcrgr»<3u**e inrtitutionft kere to ofies: An analysis of 
the membership of N5F policy and advisory boards reteaia that predominantly uisdergraduate institutions 
generally, and liberal arts colleges specifically, ait under- re presented, given the dkpioportionale contribution 
these institutiom mskc lo the national soeniiEc and educational enterprise. To saeet the national goal to attract 
more students into science snd mathematics, N5F support snuat be available lo all aeeton of the collegiate 
community that have documented productivity in the education of scientists and mathematicians. If this is to be 
accomplished, representatives of all such sectors saust participate aa policies and programs are developed- 

Equally important, data snalyaed by NSF should highlight aectof by sector productivity — diaaggregaled by 
gender and race — as a basis for establishing policies and programs. Procedures should be put in place lo 
gather such dais systematically, within the context of grant applications and reports, as well as through normal 
research mechanisms. Over the long term, these would help lo document the effeeliveoeaa of reform efforts 
across Ihe board and wilh in the different sectors. 

A final concern relates lo facilities. The magnitude of ihe facilities deficit at predominantly undergraduate 
institutions is known to us all. If needed reforms are to be made in introductory courses and meaningful research 
opportunities arc to be provided for faculty and undergraduaie students, our facilities must accommodate such 
reforms and programs. It is hard to imagine bow predominantly undergraduate institutions across the country 
are going to tackle successfully the pressing facilities problem without the NSF aa a major player. Wilh iu peer 
review process exerting quality control — eliminating pork barrel decisiona about academic priorities — and 
with the leverage iu support can bring as colleges seek fonds for facilities from other sources, a facilities 
program at NSF is critical. The recer* NSF program for faciliuea modernization (RFO) was a promising 
beginning; we regret that this program is nol included in the current NSF budget request. Of particular value in 
the RFO program was the formula distribution of funds between educational sectors. This was a clear signal 
lhat each sector had much lo contribute to the total national effort; this model should be continued aa further 
NSF programs for facilities and for major instrumentation are planned. 

We urge the NSF to lake a leadership role on the facilities issue, and join with Congress and the nation's 
colleges and universities to determine bow to balance ihe infrastructure needs of all sector I of the research and 
rescarch-lrmining communities. The current plan to provide support for major research ina. ru mentation rather 
than for research and research' training facilities does not address ihe need for better balance in NSF support to 
the different sectors of the community. It would be particularly helpful if the NSF would establish a mulii-year 
facilities program linked to course snd curriculum development and the acquisition of instructional 
instrumentation. Colleges and universities could then build such an NSF program into their long-range plans 
for facilities modernization. A study of the needs of the undergraduate sector for teaching, research, and 
research-training facilities would assist in developing the necessary long-range plan. 

Finally, let me say lhat all of us involved in Project Kaleidoscope look forward to working with you 
and your colleagues ai ihe National Science Foundation lo make this nation's science and mathematics 
enterprise one of ihe highest quality. We lhank ihe National Science Foundation for the support lhat 
nude our work possible Warm regards. 

Sincerely, 



Daniel F. SullUan 

Chair, Project Kaleidoscope ENtCutivc Com mi lice 
President, Allegheny College 

Exhibits. A. Initiatives and Recommendations 
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Masaey Letter 
EXHIBIT A 
Pagel 



IMTIATIYEL REFORMING THE 
IIHTRODUCTORY COURSES IN 
UNDERGRADUATE SCIENCE 
AND MATHEMATICS. 

♦ Recommendation fit 

The FY 1993 Budget Request 
for Instructional Laboratory 
Equipment be increased to $33 
million, with a continuing facta 
on introductory course*. 

♦ Recommend ation #2i The FY 
1993 Budget Request far Course 
and Curriculum Development 
include an $18 million outlay 
for local improvement-! in intro- 
ductory courses at eollegea and 
universities, in addition to the 
outlay for comprehensive pro-ams. 

♦ Recommendation #3i These 
program s be housed, along with 
their budget authority, within 
L'SEME, with an administrative 
structure that addresses the need to 
coordinate programs and policies 
with the research directorates. 

The transformation of introductory 
courses must be NSFs highest 
undergraduate priority over the neat 
fiv* yean. A significant body of 
.esearch and our own experience 
confirms that the first year of 
•-oHece is the point of a critical 
drop-off in numbers of students in 
science 2nd mathematics courses. 

Students acquire and confirm 
lifelong beliefs and attitudes about 
science and mathematics in their 
introductory courses. This is where 
they made the decision whether or 
not to major in these fields, whether 
or not to take further courses, 
whether or not it is important to he 
literate on science issues. When 
these courses are dull, consisting 
mainly of lectures and canned labs, 
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when they keep students isolated 
and passive, and press on at 
breakneck ipeed for the sake of 
*" coverage," when they are too big 
and (acuity members are unwilling 
to support each student's progress, 
they slam the door on the positive 
attitudes toward science. The final 
fo :al experience of learning 
science is often one of frustration 
and failure. Courses labeled 
introductory turn out to be terminal. 

Ourovm experience validates that 
the introductory course can be a 
pump instead of a filter. Introductory 
courses can give Grst-year students 
the pleasure of discovery and the 
opportunity to construct persons! 
understanding of science and 
mathematics at a critical stage 
in their academic career. 

The recommended funding levels 
given above are consistent with 
those in the NeaJ Report; they 
address the demonstrated interest 
at the local level to strengthen 
undergraduate programs, and they 
establish a more equitable btlar.ee 
in NSF support for research and 
education programs. 

Several hundred proposals, 
requesting over $200 million, 
wne submitted to NSF for the first 
competition of the expanded Course 
and Curriculum Program, cadud* 
ing proposals in Calculus and 
Engineering. The available funds 
through LSEME, for all disciplines, 
was $14- million. A similar level of 
interest is evident in the Instructional 
Laboratory Improvement (UJ) 
program, where each year proposals 
reviewed request almost four times 
the funds available from NSF We 
arc particularly concerned that 
the College Science Improvement 
Pn^nwn (CSIP) — the II.I component 



for predominantly undergraduate 
institutions — has been level 
funded for the past three yean. 

We ask you and your colleagues 
to consider a new program for 
departmental development of lower- 
division courses — one thai would 
include support for instrumentation, 
development lime and supplies 
for new curriculum, and faculty 
expansion and enrichment 
opportunities. Such a new program 
would emphasize again the integral 
relationship of each of the parts 
of the undergraduate academic 
experience in science and 
mathematics. Moreover, it would 
establish a means by which the 
experiences and resources of 
predominantly undergraduate 
institution* can serve as models 
for strengthening undergraduate 
science and mathematics. 

In all of these programs, one 
criterion in determining grants 
should be the impact that an 
award will have on attracting and 
sustaining student interest in 
science and mathematics. A more 
targeted focus on courses for 
science literacy for all students 
should be announced, perhaps 
supported jointly betwren the VF. 
the National Endowment for the 
Humanities, and the Fund for the 
Improvement of Post •Secondary 
Education The means by vthteh 
the impact of the proposed projects 
would be evaluated and by which 
their activities would be dissemi- 
nated to the larger community 
should also be a review criterion. 

Parallel to the recommendations 
of adequate funding levels and 
expanded programs, we recommend 
that the NSF establish a budget line 



blun M i SiikiiLHiiilC 



84 



Kauey Letter 

EXHiBrr a 

Pafe2 



item forlhcsc programs, nnd Md 
I Jinglp office accountable for 
coordinating the distribution of 
grant funds, We recognize NSFs 
current rationale for cross* 
directorate programs; however, 
funds targeted" within research 
directorates for undergraduate 
programs have often become the 
first casually when available funds 
for research are not adequate. If 
we are to move with aJI deliberate 
speed to aehicve the essential 
reformation in introductory courses 
al the undergraduate level, there 
must be within NSF a strong, highly 
visible offiec where these programs 
are initialed, integrated end 
coordinated. We believe that office 
should be US EM E. 

INITIATIVE 1L SUPPORTING 
THE INTEGRATED TEACHER/ 
SCHOLAR ROLE OF UNDER* 
GRADUATE SCIENCE AND 
MATHEMATICS FACULTY. 

• Recommendation 

rhe Research Experiences for 
Undergraduates tREU) program be 
expanded so that more siudenls 
from liberal arts institutions can 
be provided the opportunity to do 
research at their home institutions 
and to allow REX' Supplements to 
be used flexibly to support student- 
faculty research in predominantly 
undergraduate institutions, 
especially for those groups under* 
represented in science. 

• Recommendation •Si The 
programs for undergraduate faculty 
supporting professional growth, 
including rcaCarch and other 
scholarly activity, be strengthened 
and broadened 

The hands-on. disccvcrybascd. 
laboratory- neli approach we 
advocate requires that teaching 



faculty be actively engaged in 
scholarship. Faculty active m 
scholarship (biter a culture that 
enhances the community of 
learners; these faculty are often 
the most productive leaders in 
curriculum reform and laboratory 
improvement eflbru. locally ind 
nationally. Faculty active in 
scholarship arc the most effective 
role models for students, and 
faculty-student research partner* 
ships hase been shown Over and 
over to be a critical pump in the 
career pipeline. The distribution 
cf revised Important NoticeKlOT. 
whieh requires researchers to 
document the . . effect of the 
proposed research on the 
infrastructure of science and 
engineering . . was a welcome 
step in recognizing that teaching 
and research should be integrated 
activities in the nation's colleges 
and universities. 

We strongly support the REU 
pmgram. However, berajsco f 
the level of funding, only a small 
fraction of Site awards presently 
can be used to support studen's at 
their own institutions. This has 
discouraged significant n-jmbers 
of highly qualified departments at 
undergraduate institutions from 
applying. Just as graduate 
departments use this program to 
recruit students to attend their 
graduate programs, undergraduate 
departments should be given the 
resources to use tins program to 
recruit students into science 
and to retain them in science, 
mathematics, and engineering. 
The most successful graduate 
students are those who have a »lid 
gniundingin research techniques 
— wlto know what service is about. 



The on-campus research programs 
of undergraduate (acuity are sup- 
ported through the NSF Research in 
Undergraduate Institutions 
(RUI) program. Maintaining and 
enhancing this valuable program 
is cniical to the overall effort of 
strengthening the undergraduate 
academic experience. Given its 
distributed nature, strong oversight 
of RUI by a single office must be 
reinstiiuied to ensure thni the 
importance and distinctive 
characteristics of undergraduate 
research continue to be recognized 
We further recommend that you and 
your colleagues consider a simpler, 
streamlined award system for 
small-scale individual grants for 
undergraduate faculty. In addition, 
we recommend investigation of a 
modified program of start-up grants 
for undergraduate faculty, with 
criteria similar to those within 
the current Presidential Young 
Investigator Program, but at a level 
of support more appropoate to 
the needs and scale of research 
of faculty at predominantly 
undergraduate institutions 

We reeommend further that the NSF 
establish a faculty development 
program that would support faculty 
exchanges between strong under* 
graduate institutions. In our studies 
we have found many successful 
teacher scholars in undergraduate 
institutions who can serve effec- 
tively as mentors and role models 
for colleagues at other undergraduate 
institutions. A program of faculty 
exchanges would provide important 
opportunities tor joint curriculum 
development based on disciplinary, 
technological, and pedagogical 
advances. It would also assist in 
the development of partnerships 
working together toward the 
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common goal of strengthening 
live undergraduate experierve in 
science and mathematics. This 
•ward would parallel the current 
ROA program which enables 
undergraduate faculty member* 10 
do research at major universities. 

The Meal Report recom mended 
that Ihe NSF spend 117 million 
by 1991 for programs focused on 
the enrichment of undergraduate 
(acuity. The 1992 budget request 
for the Undergraduate Faculty 
Enrichment program, though 
increased over past years, is 56 
million. This is inadequate. We lake 
400 as the base number of science- 
active undergraduate institutions. 
If the NSF is to have an impact at 
such institutions acre** the country, 
support for faculty enrichment 
programs must be expanded. 

LNmATlVEIH .MAKING 
DISCIPLINARY CONTENT 
AND ACTIVE LEARNING 
CENTRAL TO THE EDUCATION 
OF K- 12 TEACHERS OF 
SCIENT . AND MATHEMATICS: 

* Recommendation #6i NSF 
priorities for the pre -co I lege sector 
include encouraging colleges to 
redirect the structure and conient of 
thetr teacher preparation programs 
to focus more directly on science 
and mathematics — utilizing an 
active. inv<-' native, hands-on. 
conteni-bajc J approach. 

• Recommendation #7i NSF 
support a Hniir range of pre- 
and in-service activities for 

K- 12 teachers, making use of 
the resources of all col leges with 
strong undergraduate programs in 
science and mathematics. 



The single most important deter- 
minant of what elementary and 
secondary students I earn in science 
and mathemaiic* U how much iheir 
teachers know. Teacher preparation 
must include substantial, deep 
exposure to the content of subject* 
they will eventually leach. Teachers 
for the nation's K-12 community 
must have pre- service and in- 
service involvement with a hands- 
on, laboratory-rich, active learning 
experience with science and 
mathematics. This must be the 
way they are prepared in their 
undergraduate courses, another 
reason why NSFs first under- 
graduate priority must be reform 
of introductory courses. 

In setting NSF priorities for K-12 
program*, we urge you to recognize 
that undergraduate colleges, 
particularly those in the Carnegie 
Liberal Arts I classification, 
graduate high percentages of their 
students with majors in science and 
mathematics. These colleges, whose 
faculty are committed to the hands- 
on approach to learning, are natural 
sources of a substantially increased 
stream of propcriy educated science 
and mathematics teachers. These 
colleges are also excellent resources 
for the development of new materials 
for science and mathematics at the 
prc-collcgiate level. 

A lar^e number of the colleges for 
whom we speak have entered into 
formal and mfurmnl partnerships 
wilii sdiouls. bringing teachers to 
campus as research associates, 
and providing opportunities for 
teachers to gain new understanding 
about disciplinary advances and 
pedagogical approaches. It is clear 
from I lie workshops at the Project 
Kaleiifescopc National Colloquium, 
that the potential is great for 



effective collaboration in faculty/ 
teacher development opportunities 
and in the design of new materials 
for the elementary and secondary 
levels. These cooperative opportu- 
nities should be expanded, 
including their incorporation into 
REU projects, and expanding the 
ROA program to include K- 12 
teachers. Ve see education aa a 
"seamless web," and the undergrad- 
uate sector m a key strand in the web. 

EVTTUTTYT IV. DEVELOPING 
PARTNERSHIPS FOCUSED 
ON STR ENCTH EN INC 
UNDERGRADUATE SCIENCE 
AND MATHEMATICS 

• Recommendation f 8t The 
NSF provide opportunities for 
regular national and regional 
colloquia to discuss what works 
in undergraduate tcience and 
mathematics education. 

• Recommendation #9i NSF 
guidelines outline specific criteria 
relating to partnerships between 
schools and colleges, colleges and 
universities, and colleges and the 
pnvate sector, focusing on faculty 
And curriculum development 
activities, evaluation and 
dissemination. 

• Recommendation f 10i 
Discussions about the proposed 
supercomputer highway include 
linking undergraduate science ind 
mathematics faculty so that thev 
can communicate regularly about 
research and teaching interests and 
hive access to regional and national 
computing centers. Pre-collcge 
teachers of science and mathe- 
matics also should be linked to 
this highway. 
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It is clear that each sector of 
the science and mathematics 
education community hts a unique 
contribution lo make in addressing 
national jamais; it ia equally clear 
that we can accomplish more by 
working together \hzn by working 
separately. The NSF has the ability 
lo develop and sustain such 
working partnerships on a national 
basis, and lo model within its oim 
structure how such partnerships can 
be developed and sustained. 

The success of many of the current 
network* supported by the disci* 
plinary organization*, educational 
asaoeiationa. private (bundalions, 
and corporations, demonstrate* thai 
there are significant numbers of 
persons who art ready rrvd prepared 
to work together lo strengthen the 
nation » scientific and educa- 



tional enterprise. The Project 
Kaleidoscope National Colloquium 
was another strong demonstration 
that there is a growing nauocial 
consensus about what works in 
science and mathematics and a 
commitment to gel on with the task 
of improving the programs for which 
we are responsible. We recommend 
thai the model of the Project 
Kaleidoscope National Colloquium, 
banging together institutional 
teams — including presidents, 
deans, faculty members and 
development officers — be 
considered in the planning of 
further oolloquia. 

Level of NSF funding h not the only 
way to identify strong programs. The 
networks to be developed should 
include representatives from all 
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tegmenta of the educational 
oo.naiunily. These networks should 
have at their center those colleges 
and universities thai have a 
demonstrated productivity ia under- 
graduate science and mathematics. 

As one example, with support from 
the Kellogg Foundation, there was a 
large representation at the National 
Colloquium from the Historically 
Black O' leges and Universities. 
Their contribution during the 
colloquium was signiGcrit; equally 
significant, we hope, are the 
connections thai were made for 
cooperative efforts in the coming 
months and years. 
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Mr. Wolpe. I would like to begin with a general question, to all 
the panelists. If I understand the thrust of your testimony, and 
even the implied thrust of the Project Kaleidoscope testimony, 
there are really two keys to the success that liberal arts undergrad- 
uate institutions have enjoyed in this area. One is the emphasis 
upon teaching, upon a self-conscious focus on how best to teach. 
But the second is the integration of hands-on research opportuni- 
ties for both faculty and students, the integration of that with the 
teaching process itself. 

There has been a national debate that has gotten some visibility 
in recent months about what is happening at other institutions 
across this country, and recognition that somehow there has been 
such a preoccupation with the research dimension of higher educa- 
tion that the teaching mission appears to have been greatly sacri- 
ficed, at least at many larger institutions. 

I would be interested in whatever thoughts you gentlemen might 
have as to means, institutionally, of providing a different set of in- 
centives, to begin to get greater balance into the teaching-research 
mix that takes place, and ways in which Federal program activity 
might help in restoring that kind of balance. 

Dr. Sullivan? 

Dr. Sullivan. Let me try to answer a very good and complicated 
question. One is tempted sometimes to be glib in a response, but it 
is a complicated question. 

The best answer I would give about what we need to do and what 
might be done, especially in the large universities, realb' came 
from the provost of MIT at a meeting that David Sanchez called 
not long ago, of a number of presidential colleagues of large univer- 
sities, who I think have a special problem in this area, and believe 
that there aren't any solutions that would get them from where 
they are now to the kind of teaching that we specialize in, even at 
the introductory level. 

I want to stress that our first recommendation that has been 
touched on by a number of us is really reform and reformulation of 
the introductory courses. That's where we lose about 40 percent of 
the able and well-prepared students who go to college who plan on 
doing something significant in science and mathematics. 

We lose them there because the introductory courses tend to be 
large, they tend to be passive, they tend not to involve this kind of 
investigative learning, and they tend typically, although not exclu- 
sive ly, to be located in the larger universities there this is this spe- 
cial problem of teaching and research in competition. 

Mark Wrighton said at that meeting, after a number of presi- 
dents had lamented that the inertia and difficulty and financial re- 
quirements from NSF, tens of millions of dollars would need to be 
poured into each institution to allow them to change this incentive 
structure, he said: 

I am puzzled, because each year we get something which comes to us, that we 
have complete freedom to decide how to Bpend. It's called tuition. 

At MIT tuition is fairly high, and as provost I get to sit down and talk with my 
colleagues about how to spend it. We have the freedom as an institution to change 
the way we prioritize our expenditures in teaching and research, and it's not easy. 

He certainly recognizes the difficulty. But I think that is what 
it's going to take: commitment on the part of all of us to imagine 
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that the outcomes and the structure and process could be different. 
I think it can. I think it's really a matter of choice and priorities 
within institutions, in the context of significant NSF and other 
leadership in the wider society. 

My colleagues may have a different answer, but that's one point 
I would make. 

Dr. Doyle. I really think the problem that we have, at least pub- 
licly, 1 about the conflict between research and teaching is virtually 
reversed in predominantly undergraduate institutions. A person 
who is a faculty member for an administration which operates a 
predominantly undergraduate institution does so 2 with the aspect 
that teaching is the first priority of all its constituencies. 

In fact, research has always been and continues to be in most in- 
stitutions something that is done ad hoc, beyond the normal oper- 
ations of the faculty member. 

Our problem at predominantly undergraduate institutions is get- 
ting the attention and support that allows that to be integrated 
within our course structure and within the educational experience 
of the students that are involved. 

As a result of that, of course, those institutions that have prac- 
ticed it (undergraduate research) have been very successful in pro- 
moting careers for their students in science. Those that have not, 
in studies that I have performed, that have not been as effective, 3 
also were not as effective in actually promoting their students to 
careers in science. 

What the National Science Foundation can do, of course, is to 
allow programs that are already underway and growth in 4 new 
programs to make it possible for faculty who are working with 
higher teaching loads, significantly higher teaching loads, and with 
more constrained resources, to undertake this research experience, 
to give them a chance, to put it down 5 as an experience that 
should happen if the ideas are good, not if the productivity is sub- 
stantial. 

Consequently, I think our national discussion on research versus 
teaching might be placed in a different context when one is refer- 
ring to these institutions. 

Dr. Light. You asked what is the key to the success of these in- 
stitutions, and I think it can be summarized in basically one 
phrase, and that is that the teaching involves an apprenticeship 
from training which is much different from a large lecture and a 
canned lab. One colleague who is a scientist explained this to me 
by saying he made sure that his students had the opportunity to 
fail. Once they have failed with a hypothesis, they understand 
what science is. That does not happen in a big lab where the re- 
sults are predetermined. 

What can be done to encourage this in places where it is not 
taking place? What can be an incentive? That was the other part of 
your question. Well, as I look at the vast majority of programs 



1 Dt. Doyle change* his statement to read "I really think the problem to which you refer, 
about the conflict . . ." 

1 Dr. Doyle change* the word "to" to "reeearch." 

9 Dr. Doyle deletea the words "that have not been a* effective." 

4 Dr. Doyle deletea the words "growth in." 

• Dr. Doyle rephraeea "put it down" to "understand it." 
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which offer rewards in terms of grants, support and recognition 
across the country, they are targeted towards research, they are 
not targeted towards research plus teaching or teaching plus re- 
search. And they don't take account of, recognize or reward the 
people like these two gentlemen at the ends of the table who are 
doing this frequently, all the time, with their students. 

That really is where we need some help from the Federal Gov- 
ernment. By reward, let me say I don't mean only the grants which 
would go to them and give them a level playing field in which to 
play, although that is terribly important. I also mean such things 
as the facilities and equipment with which they work, because they 
are condemned too frequently to working with equipment which is 
out of date, because they can t afford more. 

Those are the things I think would be most helpful. 

Mr. Wolpe. Okay. Dr. Swartz? 

Dr. Swartz. Three years ago, at a Council on Undergraduate Re- 
search meeting, the then-director of the National Science Founda- 
tion cautioned us to not try to emulate the research universities. I 
want this committee to understand clearly that we understand 
that. 

The situation in the setting of the predominantly undergraduate 
institutions is that research is done with undergraduate students, 
and research brings us closer to the students, it doesn't draw us 
away from the undergraduate students as is the typical case at a 
research university. 

Mr. Wolpe. So in a sense, even in terms of grant allocation by 
the Federal Government, greater emphasis on precisely the kinds 
of research that are done in conjunction with undergraduate educa- 
tion, where you have been doing them independently, would be 
helpful. 

Dr. Swartz. Right. 

Mr. Wolpe. I should say, in my own institutions, I did college 
and then MIT, I have had a bit of both, but in both instances as a 
political scientist, not as a hard scientist, as they would say. 

Dr. Sullivan, in your testimony and in a letter from Project Ka- 
leidoscope to Dr. Massey, you emphasized the need for strong over- 
sight of the Research in Undergraduate Institutions program. 
What does the Research in Undergraduate Institutions program do, 
why is oversight of this program so important? 

Dr. Sullivan. What it does, what it attempts to support, is pre- 
cisely what these gentlemen have been talking about. When re- 
search in RUI is supported in our institutions, it is research by a 
faculty member which always involves students as collaborators, 
and it is in a sense the upper level epitome of the kind of investiga- 
tive teaching that we attempt to bring into the whole curriculum. 

Ti, N oversight — I would use a different word now than oversight. 
I think our concern is that in RUI, which is a targeted program as 
opposed to a budgeted program, in which one has to — a faculty 
member at a college like ours — has to relate to the research pro- 
gram director in a particular area. There are a lot of those re- 
search program directors. 

And the RUI program — one of its most significant, perhaps the 
most significant purpose, I believe, is the support of this kind of re- 
search and education enterprise combined. It's really a question of 
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where the emphasis is going to be and where the educational com- 
ponent is going to receive its leadership, support and commitment. 

We believe that can happen best when it is coordinated in a 
single place, where institutions like ours can relate to it in a single 
way. And in fact, if the money were budgeted as opposed to target- 
ed so that it is there, it is accountable, and as things change over 
the course of a year, it can't be reallocated to other purposes with- 
out visible discussion and review. 

I know the other side of it, because I have talked to people at the 
assistant director level in the NSF, that the research directors are 
concerned, they are terribly interested in science education, they 
are involved in a coordinating committee effort to make sure the 
educational components of their programs are given appropriate at- 
tention. 

But we still believe, nonetheless, that this critically important, 
perhaps the most central, one of the most central, kinds of support 
NSF provides science education would be done more effectively and 
in a more enabling way if it were handled in a single office. 

Mr. Wolpe. So you are concerned, then, about the distribution of 
the program among the different research directorates? 

Dr. Sullivan. That's right. It tends to disappear and, because it 
doesn't have a single focus, our concern is that it may lose visibili- 
ty, as Dr. Doyle has implied, that faculty at our institutions, be- 
cause it is dispursed throughout the Foundation, may not have 
easy enough access to it, and that financial support of the most 
critical kind to our institutions and to our students is then less and 
the things NSF really wants to do, and we think that you want to 
do with your money, are made less easy. 

Mr. Wolpe. Dr. Doyle? 

Dr. Doyle. I would like to clarify. There is an up side and a down 
side to budgeting formula. When RUI was first introduced as a tar- 
geted program, it was sensed that it was a $3 million program. The 
first year, almost $6 million was expended on that program be- 
cause it was targeted, and the research directorates actually went 
beyond that target. That has continued for every year up until a 
couple of years ago when, in fact, proposal pressure and an inter- 
est, in my perception, decreased, and now targets are not met from 
the sense of the division. 6 

The other problem that exists without having a coordinating ac- 
tivity — that in its initial years Joe Danek from the National Sci- 
ence Foundation that you mentioned earlier, was primarily respon- 
sible. 7 There are problems in coordination that result in reviews 
that one does not know what impact they have on final decisions. 

For example, one of the reviews of ' n RUI proposal stated — two 
of the three reviewers of this particular proposal said that they 
rated this person down, decreased the rating, because that person 
was at a small school and that person's project was too good for the 
institution. Those are inappropriate comments that, one would like 
to have a sense, that those 8 would be actually removed from any 
consideration. 



8 Dr. Doyle chunges "from the sense of the division" to "in all of the Research Divisions." 
7 Dr. Doyle adds the words "for coordination" after the word "responsible." 
■ Dr. Doyle deletes the words "that thoae." 



f . " 




- i J 



92 



Other comments were made. One reviewer said to this individ- 
ual, "Give no funding to it because it does not contain graduate 
students." Now, coordinating activity on this program would give 
at least the outside community a sense that such comments would 
be considered inapplicable and would actually be dismissed. There 
would be somebody actually watching that. 

Mr. Wolpe. A clearer sense of the mission, if there was a central 
focus? 

Dr. Doyle. That's right. 

Dr. Light. A question of incentives was raised a while ago. Part 
of what's missing here is an incentive for a person or group within 
NSF to take accountability for undergraduate science teaching. 
That isn't really a critical mission, and that's why this kind of 
thing happens, that's why this kind of peer review takes place. 

Mr. Nagle. Let me pick up on that and ask you this. Is NSF, 
assuming we made the funding recommendations that are called 
for, is NSF ready to implement those programs, in your judgment? 

Dr. Light. I wouldn't be able to say. Earlier I gave a contrast be- 
tween the Department of Education International Division and my 
own personal experience with NSF and related agencies and there 
really is a difference between the two branches of the Government 
in terms of a couple of individuals in the Department of Education 
International Division who took on as a personal matter for which 
they would be accountable the teaching of foreign languages. And 
they have made a huge difference in the past 10 years. That kind 
of mission sense is the kind of thing that is missing. 

Mr. Nagle. Let me ask the panel that question. 

Dr. Suluvan. I would answer unequivocally yes. There is com- 
mitment, there is vision within the NSF area. There is a strong— 
and I think growing stronger — education and human resources di- 
rectorate. The programs we need are largely in place, and I think 
these criticisms — and I would share Mike Doyle's concern about 
that — are really corrective to something that is essentially struc- 
tured in a way which we think is beneficial. 

Mr. Nagle. I am loathe to give hypothetical questions to a group 
of scientists, because I am in over my head, but 

Dr. Sullivan. I'm a social scientist. 

Mr. Nagle. You're okay. [Laughter.] 

You're all right. You and I can talk, okay? The rest of you, just 
don't listen to this. 

But we are talking about an agency here where we have seen a 
significant lack in initiative, a decline in the budget, a decline in 
advocacy for budgetary outlays from 1968 to the present. It's kind 
of a treadmill path. I would have to say that the history of the NSF 
advocacy for these types of things we re talking about historically 
has not been there. What leads you to believe they will be there 
now? 

Dr. Sullivan. I think it has been the Project Kaleidoscope expe- 
rience itself. The NSF brought us into being, brought us together, 
asked us to raise these questions pretty basically. Again, I am not 
an apologist for the NSF, that's not my role. But I have meant to 
suggest that a great many of our faculty and presidents of colleges 
like ours feel a very sympathetic resonance with Dr. Massey's ap- 
pointment, with Dr. Williams' appointment, and existing staff 
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there. Yet there are some difficulties we are addressing that we be- 
lieve need attention. 

Mr. Nagle. Pursuing that just for a second — then I want to hear 
everybody's comments on it — how in the world did we get into the 
boat we're in? 

Dr. Sullivan. I think one just looks back to the history you were 
referring to, in 1981 or 1982, we zeroed out undergraduate funding, 
and this committee, and other members of Congress helped to get 
it back. But people have changed. And there are — I am suggesting 
that we find significant resonance and reinforcement there as well 
as some resistance. We think all our ideas are exactly right, of 
course. 

Dr. Doyle. I would like to point out to the committee that in 
fact, the programs that have been vital and essential to the devel- 
opment of that community of 9 research active environment for un- 
dergraduate students came out of the programs that were initiated 
through the NSF in the mid 1980s. What has not happened since 
that time is a review that allows a change in the direction of the 
program, and enhancement of the program, and redefinition that 
would revitalize these activities. 

There are constraints within the National Science Foundation. 
In fact, within the first year after the introduction of these new 
programs the then-director of the Foundation, when a group met 
with him on the program, asked "How long do these programs 
have to exist? Isn't this something that we actually deal with on a 
temporary basis? Isn't this just the feeding through of something 
that is temporary?" 

What I think the sense of 10 this committee, and certainly of 
Project Kaleidoscope, has had is that there is and must be an ongo- 
ing commitment to the understanding that there is a different op- 
eration here. 

Mr. Nagle. I get the feeling in talking with them about under- 
graduate research, and even primary and secondary educational re- 
search, that they still perceive their role as one of a stimulus. They 
start their project and then they move on, they start a project and 
move on, and there is no continuum to the programs, nor is there 
any review to the program for the enhancement of it. Dr. Light, 
you are nodding your head. Do you concur? 

Dr. Light. Yes, I do concur, because that has been too frequently 
the case. I am not in any sense in my dissent denigrating the fine 
work of the individuals in the agency. However, my sense is that 
we wouldn't be facing the difficulties in funding undergraduate sci- 
ence in the private sector, which as we have already demonstrated 
is a source of a disproportionate number of our future scientists, if 
in fact there was a steadier level of funding for the most expensive 
parts of doing science. 

And that's the problem. The most expensive parts of doing sci- 
ence do not have a steady form of funding. 

Mr. Wolpe. Carrying that further, if I may, may not the problem 
that has been characterized here, of the lack of sufficient focus to 
build upon a commitment that has been expressed in earlier years, 



• Dr. Doyle deletes the words "community of." 
10 Dr. toyle changes the word "of to "that." 
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going to be compounded by the recent decision to scatter, essential- 
ly, the RUI program among the different research directorates, 
rather than maintain a centralized administrative direction? Dr. 
Sullivan, you phrase it more delicately than I just did, but isn't 
that the concern you are raising? 
Dr. Sullivan. True. 

Mr. Nagle. If that's the case, let me go back to my first question, 
which was, is NSF ready to go assuming a given funding level, 
when in fact the most recent history is one of scattering, as my col- 
league has suggested? 

Dr. Sullivan. I [NSF] will have to answer later. 

Dr. Swartz. I think particularly in the undergraduate office of 
the National Science Foundation, we have had an auspicious start. 
That is a relatively recently founded organization, and there are 
some excellent programs there. The Instruments and Laboratory 
Improvement program is an excellent program. 

The Course and Curriculum program, which was just founded 
this year, 11 just reviewing its first round of proposals, is a good 
program. The Undergraduate Faculty Enhancement Program— 
those programs only affect a very small number of individuals, and 
the problem is bigger than that. 

Mr. Nagle. Will it be sustained? Will it be reviewed? Will it be 
enhanced? Based on history, we would have to say no, and 
that's 

Dr. Doyle. No, I think that's the wrong conclusion. The driving 
force for programs that have been associated with the research 
community such as the Research in Undergraduate Institutions 
and the Research Experiences for Undergraduates, have been oper- 
ated generally very well. The data that we have say overall one 
gives positive marks to the operation of this. There is dissension. 
There are examples of horror stories, however, 12 but they repre- 
sent the exception to the general rule. 

In general, the research directorates of the National Science 
Foundation have paid attention to thes? programs, have supported 
these programs. What is lacking from thorn oftentimes is that over- 
sight that does not allow the exceptions to exist with the frequency 
they are beginning to exist. 

Mr. Wolpe. With that, I am going to ask that we recess at that 
point, so that Mr. Nagle and I may cast our votes. We will return 
shortly. 

[Recess.] 

Mr. Wolpe. The hearing will resume at this point. Mr. Nagle, I 
believe you have a question. 

Mr. Nagle. Dr. Swartz, one thing that kind of perked my inter- 
est in your written statement, you indicate that the establishment 
of the right type of curricular development programs will be criti- 
cal to their success. I wonder if you would amplify on that, exactly 
what you mean. 

Dr. Swartz. Yes, I would like to make a few comments there. 
Really what I am going to do is amplify a comment that President 
Sullivan made earlier. I think the style of curricular innovation or 



1 1 Dr. Swartz adds the words "and is" just . . . . 

12 Dr. Doyle deletes the word "however." 
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reform programs that NSF establishes wall be critical to their suc- 
cess. As the NSF expands its programs which attempt to reform 
science curricula, the design of those programs will be critical. 

It is often tempting to single out a few select, highly visible insti- 
tutions, fund them at high levels, and expect them to devise excel- 
lent curricula that everyone would adopt. To do that would be to 
repeat the mistakes of centrally planned economies. That is to say, 
that you have such good ideas that all should adopt them. 

The problems here are manifest. First, it assumes that there are 
several curricular models which will work everywhere. There is ab- 
solutely no evidence that that is the case. Faculty do their best 
teaching and students do their best learning when they have in- 
vested themselves. Just as in economic development, the most suc- 
cessful work comes out of an entrepreneurial spirit, when many in- 
dividuals have an opportunity to try their own ideas. 

Some of those ideas will be outstanding, noticed by others and 
emulated. But the key to excellence is to promote individual ef- 
forts. If we adopt the centrally planned economy approach, we 
doom ourselves to the degree of success which we now see results 
from that approach. 

So what we need to be doing is funding a large nuiuber of small 
projects, rather than focusing in on a very few very large projects. 

Mr. Nagle. You want the diversity, in other words? 

Dr. Swartz. I think it is absolutely essential, diversity and stim- 
ulating the entrepreneurial spirit. 

Mr. Nagle. I was supposed to say nice things about you Jim, but 
your testimony speaks for itself. I forgive the fact that you are not 
a social scientist. But you do an outstanding job at Grinnell Col- 
lege, and you are a source of advice and counsel for me. 

I reviewed carefully your statement before I came this morning, 
and obviously you are well prepared, as were the rest of the panel. 
It is a pleasure to welcome a constituent to the committee, and I 
thank you for your insight and observations. 

Dr. Swartz. Thank you. 

Mr. Wolpe. Thank you very much, Congressman Nagle. I have 
one last questicm. Dr. Swartz, you stated in your testimony that the 
Instrumentation and Laboratory Improvement program with the 
NSF has a requirement for 50 percent matching funds, that is, 
money the school must provide from non-Federal sources. You rec- 
ommended this requirement be decreased to 35 percent. Do you 
think this would allow more schools to participate who are now 
unable to provide the 50 percent matching funds? What impact do 
you believe that change would have? 

Dr. Swartz. We have a situation now where many of our institu- 
tions, similar to my own, even the most wealthy institutions, are in 
fact rationing the number of proposals that can be submitted from 
the institution, because of this required 50 percent match. Institu- 
tions do not feel they have the resources to provide matching 
funds. 

The problem this generates is that the National Science Founda- 
tion is then not necessarily seeing the best ideas. They are only 
seeing a preselection of ideas. If we could decrease the matching re- 
quirements—and this problem is particularly acute in less wealthy 
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institutions, for instance, the historically black colleges and univer- 
sities. * 

So I think if we could decrease the matching fund requirements 
somewhat in the program, that would attract a broader array of 
proposals and allow the peer review process of the National Sci- 
ence Foundation to really select the best programs for funding. 

Mr. Wolpe. Great. I want to join in Congressman Nagle s expres- 
sion of appreciation to all of you for some truly excellent testimo- 
ny, both written and verbal. We hope that some of what you have 
to offer, and the Project Kaleidoscope recommendations, will be 
heeded by NSF and they will be able to move forward more aggres- 
sively and with greater focus in the weeks and months ahead. 

Thank you all very much. 

[Inserts of Luther College and Loras College follow:] 



,s Dr. Swartz adda the words "that would be an improvement' 
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July 8, 1991 



Representative Dave Nagle 
Third District Iowa 
214 Cannon House Office Building 
Washington, D.C. 20515 

Dear Representative Nagle: 

I understand that the House Subcommittee on Investigations 
and Oversight is conducting a hearing on "Traditional and 
Non-traditional Sources of Future Research Scientists. " You 
are well aware of the role that small liberal arts colleges 
play in training scientists, including the fact that we 
graduate science majors at a much higher level than the 
national average and our students earn Ph.D.s more 
consistently than do graduates of any other kind of 
institution. 

In order to allow small liberal arts colleges to continue to 
produce future scientists, several things are necessary. 
First, strong well-prepared science faculty must be 
employed. Support frost NSF for start-up costs for new 
faculty positions, support for reseauh programs, and 
support for laboratories and equipment are ways that federal 
dollars can augment the resources of small liberal arts 
schools. Second, because attending stall liberal arts 
colleges can be more costly to families than attendance at 
state schools or junior colleges, continuing a strong 
program of federal grants and loans for capable students who 
wish to attend liberal arts schools will continue to support 
students who wish to pursue careers in science. 

I appreciate your support for science education and we will 
be pleased to respond if there are other ways we can serve 
you. 

Sincerely, 




Jane JaXoubeX 

Associate Dean of the College 
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Loras College 



DEPARTMENT OF CHEMISTRY: 1450 ALTA VISTA: DUBUQUE, K>WA 52004-01 71 

July 4, 1991 
Dear Representative Nagle, 

Here are my thoughts on "Traditional and Nontraditional Sources of Future Research 
Scientists" for the House Subcommittee on Investigations and Oversight. I am pleased 
and honored to contribute. 

Our experience at Loras College shows that two NSF programs have had significant 
positive effects on the training of future research scientists. These are the REU 
program and the Research Opportunity Award Program. 

We have had several students participate in REU programs at liberal arts colleges and 
at larger research oriented universities. These experiences have been very good 
ones for the students and have encouraged them to consider research careers more 
realistically and more favorably. These students have communicated their enthusiasm 
to their peers upon their return to Loras and this has stimulated interest In research in 
all our chemistry students. I would also mention the DOE program for research at 
Argonne National Lab and other DOE labs which has had similar positive effects on 
Loras students. I strongly encourage continued support of this program. 

We have placed both sophomores and juniors in REU programs with success. I 
believe it will be difficult, in chemistry at least, to create valid independent research 
summer programs for freshman level students. Independent research can be very 
frustrating for a student who is still learning basic laboratory technique, and this 
frustration can discourage those we hope to encourage. Perhaps a more structured 
program can be created for college freshman and upper level high school students 
that still exposes them to the excitement of research. 

Dr. Joe Schaefer (physics and engineering) and I received NSF Research Opportunity 
Awards to conduct research at tho University of Iowa and at the University of Wisconsin 
during the summers. In both cases the awards have led to continuing research 
collaborations, and revitalized research efforts here at Loras. In addition the 
opportunity to do state-of-the-art research has Improved our ability to teach modern 
techniques and helps us serve as better role models to our students, and our 
colleagues. A third faculty member, Dr. Carl Binz (chemistry) has received a similar 
award through the Argonne National Lab. Both the NSF ROA program and the 
Argonne program have had a very big impact at Loras and deserve continued support. 
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The revitalized research at Loras requires continuing support so that undergraduates 
can participate directly. This Is the role of the NSF RUI program. Unfortunately we 
have no direct experience with this program but I encourago Its continued support. 
The U.S. needs s program that Increases the contribution undergraduate colleges 
makein training future scientists. The program must a'so understand the time and 
manpower difficulties that we who conduct research wi'ii undergraduates face, and 
the mlnlmsl support we can expect from college administrations unfamiliar with the 
federal granting agencies. The Research Corporation is a good model for a program 
in this area. Brian Andreen and the Research Corporation board understand the 
problems we face and do en excellent job supporting undergraduate research. Some 
of the funds the Research Corporation distribute come from private corporations. I 
encourage the Congress to maintain and to increase the Incentives for private 
corporations to support research at undergraduate institutions either directly or 
through organizations like Research Corporation. 

Training future research scientists requires more money for equipment and laboratory 
supplies than many other academic research projects. Research with undergraduates 
requires significant amounts of faculty time. These factors combine to make it difficult 
for private colleges to maintain high quality programs and reasonable tuition. We 
need help through instrumentation grant programs and direct student assistance. The 
NSF already has instrumentation programs which need continued support. NSF and 
various private organizations have direct support for graduate students who choose 
science careers. I believe we need direct support at the undergraduate level for 
students who choose to study to become research scientists. This program could 
Incorporate incentives for women and minorities, as the NSF graduate programs do. 
The increased cost of high quality programs at small colleges has traditionally been 
offset by private donations. Congress must continue and enhance the incentives for 
individuals and corporations to support education. 

If I can be of any further assistance please contact me. 



Sincerely, 




Or. David Speckhard 

Professor and Chairman of Chemistry 
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Mr. Wolpe, I would like to now invite our second panel of wit- 
nesses to come forward. In our second panel, we will be looking at 
nontraditional sources of science students, those groups that are 
under represented in science. We will hear about the Project Kalei- 
doscope findings and recommendations on this subject. We also 
want to learn about how to encourage and enable more African- 
Americans, Hispanics, Native Americans and women to pursue sci- 
ence at the undergraduate level. 

We would like to find out how certain schools, such as the his- 
torically Black universities and women's colleges, are able to be so 
effective in graduating such a high percentage of outstanding 
women and minority students in science. 

For example, 40 percent of African-Americans who receive bac- 
calaureate degrees in science earn their degrees at historically 
Black universities and colleges. And as we did in the previous 
panel, we want to examine ways in which the approach of the suc- 
cessful schools and programs can be adopted at other institutions. 

Our first witness will be Dr, Thomas Cole, President of Clark 
Atlanta University in Atlanta, Georgia, Dr, Cole served as a 
member of the Project Kaleidoscope executive committee. He will 
be followed by Dr. Gerald Stokes, who is a Professor of Microbiolo- 
gy at George Washington University. He will be speaking to us 
today as the Chairman of the Committee on the Status of Minority 
Microbiologists of the American Society of Microbiology, 

Next will be Dr. Maggie O'Brien, a biochemist who has very re- 
cently begun her tenure as President of Hollins College, a women's 
college in Roanoke, Virginia. Our final witness on the second panel 
is Dr. James Gentile, Dean of Natural Sciences and Professor of Bi- 
ology, at Hope College in Holland, Michigan. Dr. Gentile also 
served on the Project Kaleidoscope executive committee. 

I would like to first ask if any of our witnesses object to being 
sworn in. If not, would you all please stand, 

[Witnesses sworn.] 

Mr. Wolpe. I would also like to remind the witnesses of our five- 
minute time constraint. Of course, your written testimony will be 
entered into the record in its entirety. I should also indicate that in 
a few minutes I will be called away for a short period of time and 
Congressman Nagle will be assuming the chair, so we will continue 
without interruption. 

With that, let me invite our first witness on this panel, Dr. 
Thomas Cole. 

TESTIMONY OF THOMAS COLE, JR., PH.D., PRESIDENT, CLARK 
ATLANTA UNIVERSITY, ATLANTA, GA 

Dr. Cole. Thank you very much, Mr. Chairman, for the opportu- 
nity to appear before this subcommittee. I appear after having 
spent 25 years as a research chemist, a member of the faculty of an 
historically Black college and University and the faculty of a major 
research university. I am now President of Clark Atlanta Universi- 
ty. 

Clark Atlanta is a new, comprehensive, historically Black univer- 
sity created three years ago from the consolidation of Clark College 
and Atlanta University, each of which was more than 120 years 
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old. We are now one of only two historically Black private compre- 
hensive universities in the country, offering a program from the 
freshman year to the doctorate. 

In your opening remarks, you set the tone which was included in 
my introductory remarks, and I won't repeat that, except to say 
that when you talk about the deficits in science and engineering 
education, for minorities and women, the numbers are much worse. 
The Project Kaleidoscope report to which you refer, along with 
many other studies, makes the point very clear. 

Women and minorities can succeed in great numbers in science 
and mathematics. This success is greatest in settings in which the 
environments or caring and nurturing that provide research oppor- 
tunities in close collaboration with faculty who are concerned that 
students succeed. 

The data are clear in this regard at private liberal arts college, 
both coeducational and single sex. These institutions have been es- 
pecially productive in educating a higher percentage of women sci- 
ence graduates than any other non-specialized category of institu- 
tions. The record of historically Black colleges and universities, as 
you indicated, in the education of African-American scientists, 
have been especially impressive. 

In the mathematical and physical sciences, 45 percent of the 
1987-1988 bachelor's degrees that were awarded to African-Ameri- 
cans were earned by graduates at HBCUs where less than 20 per- 
cent of Black undergraduates are enrolled. A number of historical- 
ly Black colleges and universities are among the most productive of 
all institutions in the percentage of their graduates with degrees 
who go on to receive Ph.D. degrees in the sciences and mathemat- 
ics. 

And a greater proportion of Hispanic graduates receive their un- 
dergraduate education in Puerto Rican colleges and universities 
and predominantly Hispanic institutions in the Southwest and 
other regions of the country with large Hispanic populations. 

The tragedy, Mr. Chairman and members of the committee, is 
the non-participation of the vast majority of America's colleges and 
universities in the preparation of minority science and mathemat- 
ics majors. 

Nearly all U.S. alleges and universities have African-American 
and Hispanic students, but in 1986 and 1987, fewer than 100 col- 
leges had more than two Blacks mathematics baccalaureate gradu- 
ates. Fewer than 90 had more than two Black graduates. Only 33 
had more than two Hispanic mathematics graduates. Only 49 had 
more than two Hispanic physical science graduates. And only 133 
had more than two Hispanic life science graduates. 

In 1988 and 1989 the U.S. Office of Education reports that of the 
154,000 baccalaureate degrees awarded in the science and engineer- 
ing fields by all American colleges and universities, just over 
11,000, or 7 percent, were received by African-Americans, Hispanics 
and other minorities. If it were not for historically Black colleges and 
universities and predominantly minority institutions, the figures 
would be far worse. 

At the doctorate level, the statistics are even more disturbing. In 
1988 and 1989, there were 12,800 Ph.D.s awarded in the natural sci- 
ences and engineering. African-Americans earned 128. Hispanics 
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earned 151. For African-Americans, this represented a decrease, 
both in absolute numbers as well as percentage from the statistics 
of 10 years earlier. 

The point I want to make in citing these statistics is to suggest to 
you that this performance by America's colleges and universities is 
nothing short of a national disgrace. That is one of the factors that 
motivated the trustees of Atlanta University and Clark College 
three years ago to create Clark Atlanta University as a comprehen- 
sive, private university, to fill a void in American higher education, 
to give African -Americans another option to pursue their bache- 
lors, masters and doctorate degrees. 

It has been demonstrated rather dramatically at many of the Na- 
tion's liberal arts colleges and at the institutions to which I refer 
that these are institutions with proven track records of success, A 
major part of the solution to the problem of the underrepresenta- 
tion of women and minorities can be solved if we put the resources 
at institutions that will yield the largest return on the investment. 

I am pleased to tell you that the National Science Foundation 
and other Federal agencies are increasingly recognizing this as an 
important strategy. There are programs at NSF, for example, that 
focus on HBCUs, and on minority institutions, and on increasing 
the representation of women and minorities and persons with dis- 
abilities in science. But the budgets for these programs are modest 
in comparison with the overall science, mathematics and engineer- 
ing budgets, and they should be increased substantially if they are 
to make the dramatic, numerical impact that is needed. 

We have to put the resources where the students are, Mr. Chair- 
man, and at those institutions that have a demonstrated track 
record in the production of minority and women scientists. That 
means at the Nation's liberal arts colleges and women's colleges 
and historically Black colleges and universities and predominantly 
minority institutions. And I would add to this list certain commu- 
nity and junior colleges which have disproportionately large enroll- 
ment of minorities. 

I would suggest further that current programs at the National 
Science Foundation are fundamentally sound and can accomplish 
this objective, but they need increased funding if we are to realize 
the numerical goals that have been set for the year 2000. 

We know what works, and we know the magnitude of the chal- 
lenge. We think the program elements are already in place. What 
we need is increased support for those programs that can be target- 
ed at those institutions that will have a historical commitment and 
track record that can produce the desired results. 
Thank you very much. 

[The prepared statement of Dr. Cole follows:] 
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•UNDERGRADUATE SCIENCE EDUCATION i TRADITIONAL AND NONTRADITIONAL 

SOURC2S OF FUTURE RESEARCH SCIENTISTS" 

THOMAS W. COLE, JR. 
PRESIDENT, CIARK ATLANTA UNIVERSITY 

tmamx you, mm, cmaiaham, ron zhib orpoKrvnzTY to atpkm mkfomm this BoacomxrttM to 
famaeht mriffotrr oh wdeaoaadqatm bcjemck education, kt hahb ib thokam cole, amo i a* 

/JWtlMWT Or CLAAA ATEMfTA UHXVE AMITY TH ATLANTA , OBOAOIA. CLAAX ATLAWA IB A MEM, 
QOkWAjBMMMMirW, HIBTOMICALLY MLaCA UHIYBAMITY, CAMAXXD THAME YKAA3 AOO BY THE COHBCLIDASIOH 
Of AXIMTTA OKZV9AMITT AND CLAAX COLLEGE, MACS OF WHICH WAS HGRE THAN 120 riUI OLD. VM ATM 
OHM Or QttLT TltO HIMTOAICALLT MlACA PAJVATE COMTAEHMMMIVE UHIVBABITIBB £H THIS COVJfTRl 

orrnMim mmommamm rnon the ^aimmuut xeaa to the ooctomate. he aae faat or a coMfiOMTiw or 

BXX HIMTOAICALLT BLACK UtBTITVTXOKB THAT IHCLODEB MOAMHOVBE, NOAMS 8AOVH AMD B9EJMAH 
OaUJNff', mt XHTMAOMHCKIXATXXmAL THEOLOGICAL CBXTXA AAV THE HOAEHOOME BCHOOL Of HgDICIMB. 
COLLECT XVML1, XHEBM JHSTZmiOHB AAE KMOHM AM THE ATLANTA UHIVS AMITY CEHTEM, THE LAAOEVT 
GQXBOATZtMt Of BLACK 9AIVAXM H1GHE* XMICATrntt IH THE HOALD, ttOAO THAN f ,996 ATOuMMi* AMU 

fOO FACOI.IT. 

rODAT, TOO HILL HEAAXHO TEMTZMOMY FMOH MKVEAAL VXTHtBBEt OH THE STATE Or UHDEAQAA&OKTB 
MCXUtCM BDOCAHOH Z* THE Pit XT ED WTATSi. I MAHT TO TOCVB MY AEHAAXM OH THE /IJ©I*« AMD 
MOOMOMMritft Or mil rmOJVCT KALEIDOSCOPE MTOftT AXLAIKD TO THE UCMUITMMMT AMD MMTBXriOM 
Or WOUmt AMD HXMOMItIMM IH OHOSAOAAQOATt ECISHCM rAOOAAMB. 

MM, CMAIAMA* AMD HMHMMAM Or THE EVMCOMttXTTEE , TOO AAE ALL VMM! rAMlLLAA WITH THE MAMT 
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WO ATM AMD MTODZBM OF THE LAEf SEVERAL YEARM THAT LAXEMT THE DBFICIEMCXEE OF OUR XDVCAtZQF 
BTBTEH, FROM KXMDEHOARTEM TO GRADUATE MCMCCL, PARTICULARLY WITH REGARDS TO TUB PRODUCT I OM OF 
SCXMMtTlMTE AW EMQIMEZRB. THE MATIOMAL SCXEHCE POOKDATIOM HAM BBTLHATED THAT BT THE TEAM. 
2010, OOm MAB/XOM *XLL MM AMORT MY MORE TRAM €00,000 MCZEMTZSTB MOD KMQXMEMMM. 

TtfM CVMAXXT AMD PROJECTED ACUTE MUOETAOBM IE OCR TRAXMED TSCKXXCAL WWOKI ATFrCT THE 
HOME BKZLLMD TECHNICAL AIM? MCIEMTIPIC BEOKEMTB OF QU* MUMIXE8B AMD INDUSTRY, AMD THE 
EDUCATIONAL MMTMBZ*ZBMHMKT ITMELT AM WE 8TRO0OLE TO FIXD ADEQUATE MVNEEMM OF FACULTY AMD 
TRACHEAE , XM THE MCIEMCME AMD BMQIMBBRXNO . TUB TAME FORCE Qti WOMEN , MINORITIES AHD THE 
HANDICAPPED (EMTAMLIMHMD BT FVMLXC LAW 99-3B3 , RMCTION B) BTATBD ZE ZTB REPORT THAT *_ONE 
OP OUR MOfT URGENT TAMES H TO STRENGTHEN OUR SCIENCE AND ENGINEERING WORKFORCE. THE 
EDUCATION PIPELINE ~ PROM KINDERGARTEN THROUGH THE PHD. - IS PAJUNG TO PRODUCE THE 
WORKERS NEEDED TO MEET FUTURE DEMAND* 

MX TAME TOECX REPORT ALSO BTATED THAT BT THE TEAM 2000, BS PERCENT OF HEW ENTRANTS 
THTO THEJ HATIOM'B WORKFORCE WIT* ME HXHORITIBM AND WOMEN; YET, THESE AXE THE OACUPB THAT HAVE 
TRADTTX OMALLT BEE* UMDERAEPRMSEMTED XX THE BCZEhCE AMD ENOINEERJNO FEOFEBBZOHB . WITH THE 
XMFEMDXMW RETIREMENT OF FOMT WOMLO KU WO MAMZEB, WE ME IN ORAVB DAHOEE OF MOT PRODUCXHU 
EMOOm MCIEMTTZSTB AMD ENOINEEAM TO MEET THE NATION'S WORXTOACZ REQUIREMENTS UNLESS WE ACT 
MOWl ALQMMMZDE THE WAX Otf DRUMS, WE MEED TO LAOWCH A BZHZLAA MOEILXXAIIOM TO IMPROVE 
EDUCATION AT ALL LEVmLB, TO ACHIEVE ALL MIX OF THE NATIONAL EDUCATION OOALS, THREE OP WHICH 
ASM RELATED DIRECTLY TO MATXEMATICM AMD MC2MMCE EVOCATION, AMD tRCDOCM THE TRAIMED TECHNICAL 
WOAMFOMCS TO MEET THE FUTURE TECHNOLOGICAL HEADS OF THE COUNTRY. 

ME HOST LOOK AT THE AMY IRA EDUCATIONAL PIPELINE IE WE ARE TO EE 3UCCMSSFVL XN DB3Z0MZM0 
AMD ZNPLMMMMTIMw MTRATBQZEA WHICH WILL MOTH RESTORE AMERICA* COKF ETITZVEMEBB XM THE MCIEMCES 
AMD EMOXMMMAXMw AM& PROVIDE REAJKMAMLB 0MFO9TUM1TIU fOR M1HOR1TIBB AMD MOHMM TO COMTRXMOTM 
TO TMXM HATIOM'B TECMMICAL WOAKTORCB. THEME ARE MAMY rACTOMS THAT COMTRXEUTE TO THE 
aWACCMFTAMLX LOW NOUMEA OF HXMORITIEM AMD WOMEN XM SCIENCE AMD ENOXNEERJNO WOMEJOACE THAT ARE 
AAAED OM CMirXCAL RDfl<CAJT«tt£ HURDLER XM WADE SCHOOL, EI OH MCNOOL AMD XM BACCALAUREATE HOAR 
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LmAPim ro nor rmmziau, owe*** rm mm rxtto*. 




A BimXPTCAMT PART Or THE MOLUTZOM CAM ME POOMD BY P0CVBZM9 OM OKDtXaRACHlATM EOOCAXZOm 
AMD QTILIBLMO AM MODEL* THE MXAKTLEB OF TttOMM IABTlTUYlOWt THAT HAVg HIMTO*XCMLLX BKMM 
EVCCBMMFVZ. ZM PAOCtfCXMQ MXMOAXfT AMD WOtOX BCZMMTIBTM AMD gMOXMMMMM AM DOCmEMTED ZM THE 
PAOJBCT KALEIDOSCOPE «Wtf, 

TUB HCAL REPORT ALOM4J MXTM HAWT QTHBA STUDIES MAAE TKM POLMT CLXAALIt MOMXM AMD 
MZMOAXTZEE CAM BOCCSED ZM QRUAT HUHBEAB ZM BCTEMCE AMD MATHEMATZCB , AMD THIt BVCCXSS ZB 
OAMATEBT ZM 8ETTZM9S — MOTH SZMQLB MAX AMD CQBDVCATZOHAL — CHAAACTEAZXED MT LAAAMZMG 
COttHVMZTIBt -~ EMYXAOMMEMTB THAT ARE CAAZMB AMD HUATUAZMO AMD THAT NIL? STODEMTB MVCCMXD > 

THS DATA AAA CLAAA ZM THZB AJQARD. PRIVATE LIMgAAL AATS COLLEGES — BOTH COEOVCATZOMAL 
AMD MCMtM'E COLLMOSB — HAVE BBEM B SPECIALLY PMODOCTZVE, EDVCATZHQ A HI CUBA PEACEMTAOM Of 
-MOMXM BCXSMCE OAADUATBB THkS AMT OTHER M0M-3PBCZAJLZXED CATEGORY OF ZMBTZTUTZOM. AMD, TUB 
RECORD OP HZBTOAZCALLY BLACK COLL BOB 3 AMD VHTVSASZTZES (HBCU'B) ZM THE EDVCATZOM OP AIAICAM 
AMMRZCAM SCZMMTZSTB HAS BEAM BUT BCZ ALLY ZKPAEBBZYE. 

ZM THE MATHEHATZCAL AMD PNYBZCAL BCZBMCEB, POATY-PlVE FSACBMT OF THB 1 997 -9 B MACXSLOA'B 
DEGREES THAT VERM AWARDED TO APAlCAJt AMEAICAMB WEAK EAAHtD BY OAADUATBB OF HBCU'B, ALTKOOGH 
LEEB THAM TMWMTY PBRCEMT OP BLACK UMDEBQAADOATEB AAA EMAOLLED AT HMCO'S. AMD, A MDHMSA OF 
HBCU'B AAA AMOMO THB MOST PROOVCTZVE OF ALL ZMSTZTUTZOMB ZH THB PEACEMTAOKE Or THBZK 
QAADUXTtB WITH DEGREES ZM SCI BMC B AMD HATHXKATZCS AMD MHO 00 OM TO RECEIVE PH.D'S. 

AMD, THE OAEAT PHOPORTZOM OP HXBPAMZC OAADOKIBS RMCEZVE THEZR UHDERQAADUATB EDVCATZOM 
ZM PUERTO BICAM COLLSOBB AMD UMZVEASZTZBB AMD PAEDOMZMAMTLY HZBPAMZC ZMBTZTVTTOMB ZM TUB 
8QUTHVMBT AMD OTHBA ABOZOMB OP THB COURT RY VZTH LAAOE HZBPAMZC PQPVLATZGHB. 

THE TAAOEDX, HA. CHAXAMAM AMD KEHBEAM oP THE COMMITTEE t YS THE HON-PAATICIPATIOM OF THB 
VAMT MAJOAXTY OF AHEAICA'E COLLEQBB AMD UMZVEABZtZEB ZM THE PRAPAAATZOM OF MIMOAlTY BCTEMCE 
AMD MATMMMATZCB MAJOAM. H EARLY ALL U.B. C0LLS4ME AMD UMZVEAAZTZIM HAVE AT AX CAM AMXXICAM AMD 
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HOWEVER, at If Of -07, FEWER THAM 100 C0LUMX6 HAfi HCU TUAM TWO BLACK 



MATHXMATICM MACCALAURMATX QHADOATBSf FEWER THE 90 HAD HOAX THAN TWO BLACK QRAOOATHS. OMLY 

J3 mad mmi team rw hzmfamxc mathehaticm uadoateb/ omlz 49 had mors tham two mzmpamic 

METRICAL 9CXMBCM OMADVATEB/ AMD OMLY 133 HAD MOMM THAU TWO HZSPAMZC Lin MCZMMCM aMCBUft. 

IH 19$ 0-0 9, THE V.O. OFFICE OF BDOCAXIOH REPORTS THAT OF THE 254,000 MACCALA0MMATM 
DMttMMM AMARDED MI ALL AMEXZC1M COLLfOXX AMD UHXYERSITIZa , JUST OVER 11,000 (7 FBACMMT) Wrjr 
MCMIVMD MY AT HI CAM AMEMXCAMS, HIOPAMICO AMD OTHER MIMORITIEO . IF IT VMMM MOT FOR HMCV'O AMD 
FAXDOMXMAMTLY MXMORXTY ZMBTZTQTIOMB , THM FZOVKMB WOULD MM FAR VOJL8B. 

AX THM DOCTORATE LEVEL, THE STATZBTZCB AFX EVEM MOWR nT*TVmMXMO. ZM 1900-09, TttBmM 
WIRE 12,000 PH.D 0 AWARDED jjt TtiK KATDRAL BCZEMCEB AMD EMaZMESMIMO. AT HI CAS AMMAXCAMO BAMMED 
120/ HZBPAMZCB 151. FOX ATRICAM AMMMZCAM8, THZM REPRESENTED A DBCRBASB XM BOTH AMBOZOTE 
MVMMXRB AM WELL AM PERCEMTAMB FROM THM BTATZMTZCM OF 1978-09. 

THZB PMKFORHAMCE BY AMERICA'S COLLBQHB AMD UMTYXRSZTZBS "5 KOTHZHO SHORT OF A MATIOMAZ 
DIBORACE. 

ZT HAM BEAM DEH0M8TRATED RATHER DRAMATICALLY AT HAWT OF THE NATZOM'S LZMXAAL ARTO 
COLLEOMB, AT PKEDOMZMAMTLT HIMOKXTT ZMMTZ TUTZQMM , AMD AT HISTORICALLY BLACK COLLXOEB AMD 
OXZVMMMZTZMB THAT VOMEM AMD HZMOKITIEC CAM BDCCMMD ZM BCZEMCE AMD HATH XMATI C3 . AMD BXMCB 
THMMB AAX THM XMBTZTUTZOMB VZTH THM PROYEM TRACK RBCORD FOR SUCCESS, A MAJOR PART OF THM 
BOLUTZOM TO THM PROBLEM OF THM OMDERMEFREMMMTATIOM OF WOMXM AMD HXHORZTZEB WOULD MM TO FUT 
THM RMBOUECMM AT THMMB TMXTXTTJTZQMM , WfERX THXT WILL TZXLD THM LAAQEBT RXTVKH OM ZMVMBTHMMT. 

THM MATZOMAL BClMMCX PQOMDATIOM AMD BXVXRAL OTHMM FXDXXAL AOEMCIEB ARM ZMCBMAAZMOLX 
RXCOCanBZMQ THIS AM AM ZHFOKTAMT BTKATMOr. THEME ARE FROORAM3 AT Msr, FOR EXAMPLE, THAX 
rvCVO OM HMCO'E, HZMORXTY IMMTZTOTZOHB AMD OM ZMCRXA3IHG THE HXPKXSSMTATIOM OF WOMEM, 
MZMORXTZEM AMD FBRMOMS WITH DI3ABZLZTZEB ZM BCZEMCE. HOWEVER,, THE BUDGETS FOK THESE PRCOMAHM 
ARM HODMBTY ZM COHfAKZBOM WITH THM OVERALL BCXXMCM , HATHXMATlCg AMD EMQZMBMRIMO BODOMTB AMD 
XifOVLD MM IMCAXABED BVBBTAMTIALLY IF THMY AAX TO MAKE THE DRAMATIC, EOMEMXCAL IMPACT THAT XE 
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HEEDED. 

AM A PRACTICING RESEARCH SCIEHTIMT FOR SIXTEEN YEARS, I WOULD EE AMOMO THM LAST TO 
SUGGEST THAT INCREASES FOR THM EDUCATION AMD HUMAN RESOURCES DIRECTORATE MM MADE AT THM 
EXPENSE OF THM RESEARCH DlRMCTORATMS . THM RESEARCH SUPPORT THROUGH THM GRANT HAKIHO PROCESS 
AT THM NATIONAL MC1MHCM POOMDATlOH AMD OTHER FEDERAL AGENCIES IS ONE OF THM KAJOR REASONS 
THAT aWOATM EDUCATION IH THE UNITED MTAXMM IS THM SSST IH THM HORLD. BUT, OCR 
UNDEROAADOAXS EDUCATIOH MTSTSH IM IH DANGER OF EECOMIHG SECOND-RATE . 

HE HAVE TO GLOME THE OAF THAT STARTED VITH THE EROSION OF SUPPORT FOR SCIENCE AMD 
MATHEMATICS EDUCATION IH THE 70 'S THAT LED TO A VIRTUAL ZEROIHO OF THE 3CJMHC* EVOCATION 
SUDGST IH THE EARLY BO'S. THAT FEDERAL POLICY HAS SERIOUSLY HURT THE QUALITY OF 
OHDEROAADOATS EDUCATION IH THE SCIENCES IH THIS COUNTRY AND , THUS, THE PRODUCTION OP THE 
KMC HEART WORKFORCE FOR THE 219T CENTURY HAS SEEN SERIOUSLY COMPROMISED. 

THE IHCREASE ZtJ THM FY '92 EUDQST FOR THE EDUCATION AND HVKAH RESOURCES 
DIRECTORATE OF THE HEF IS ENCOURAGING , EUT If HE ARE SERIOUS ABOUT IHCREASlHQ THM HUMMERS OF 
MINORITIES AMD HOMEH IH SCIENCE AMD MATHEMATICS AS PART OF THE ST RAT SOY TO RESPOND TO THE 
PROJECTED SNORT AGES OP TRAINED SCIENTISTS AMD SMOIHSSRM, HE HAVE TO DO MUCH MORE. 

HE HAVE TO PUT THE RESOURCES WHERE THE BTUDEHT9 ARM AMD AX THOME INSTITUTIONS 
THAT HAVE A DEMONSTRATED TRACE RECORD IH THE 9MODUCTIGH OF MINORITY AND WOHMH SCIENTISTS -- 
AMD THAT MMAHM AT THM NATION 'E LIBERAL ARTE COLLEGES , WOMEN'S COLLEGES, HISTORICALLY SLACK 
COLLEGES AMD UHIVMRSITIEE AND PREDOMINANTLY HIHORITY IHETITUTI0H8 . I VQVLD ADD TO THIS LIST 
COMMUNITY AMD JUNIOR COLLEGES WHICH HAVE DISPROPORTIONATELY LARGE ENROLLMENTS OP HJJBORITIEE. 

THIS DOES EOT NEAR THAT OTHER INSTITUTIONS OP HIGHER EDUCATION SHOULD ME LET OFF 
THE MOOK. TOR A VARISTT OF REASONS , THE EDUCATION OP MINORITY AMERICAN* HAS MOT SEEM ONE OP 
THEIR PRIORITISE AND IH MOST INSTANCES, EASED OM PREMEHT TRENDS, IT IS HOT LIEXLT TO MM A 
PRIORITY IN THE HEAR FUTURE. WE SHOULD CONTINUE TO PUSH THVM TO DO THEIR SHARE IH TttE 
RECMVITHEMT, RETENTION AMD EVENTUAL GRADUATION OP MINORITY AMD VQHMH SCIENTISTS. IX THM HEAR 
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term, homeymr, ws should comcemtrate increased efportm amd resoumckb on thosm MODELS AMD 

FBOQAAKB THAT MORE — AT THOME INETITCTIOMV THAT PROVIDE A CARTNG ENVIRONMENT, CUWLCZTXD 
MENTORS AMD ROLE MODELS AMD THE KINDS OP UNDERGRADUATE REBEAJRCH SXFBRIEMCBB THAT MMMMD 
BUCCESB AMP LEAD TO THE PRODUCTION OP ORADUATEi WHO BECOME PRODUCTIVE PARTZCZPAMTB IM TBM 
SCIEMTZFZC EMTERFRIBE OP TNZM NATION, ZMCLVDZMO ENTRY ZMTO FACULTY POMZTZOMM AT OUR COLLEGES 
AMD UHTVBR0ZTZSB. 

X MOULD BUQOSBT FURTHER THAT CURRENT RNOtlRANS AT TtiX NATIONAL MCZEMCE FOOMDAIZOSt 
ARE FUMDAMMMTAXjIY BOUND AMD CAN ACCOMPLZBH THIB OBJECTIVE. THEY ALL MEMO INCREASED FVNDZtn 
ZP ME ARE TO REALZME THE MUMERICAL GOALS THAT HAVE BESS 9ET FOR THE YEAR 2000. AMD Hit SHOULD 
ENCOURAGE THOME PROGRAM ZMZTZATrVEB THAT PORTER CREATIVE PARTNERSHIPS AMONG THOSE 
INSTITUTION* ACROB* THE COUNTRY THAI FOCOM ON MINORITIES ZN JCIENCE — BETWEEN COMMUMITT 
COT.T.8OB8 AMD HJBCU'S, BETWEEN HBCU'B AMD VUOBB PREDOMINANTLY MHZTB LIBERAL ANT* COLLEGER THAT 
PROVIDE TVS KIND OFF LEARMZNO COMMUNITIES CALLED POM ZN THB PKAL RKPOET AMD THE QUALITY 
EDUCATION FOR MINORITIES REVORT . 

ME KNOW WHAT WORXB, MR. CHAIRMAN AMD MEMBERS OP THE CQMMZTTXS, AMD ME KNOW THE 
MAGNITUDE OF THB CHALLENGE. THE PROGRAM KLEMEMTB ARE ALREADY ZN PLACE AT THE NATIONAL 
SCIENCE FOONDATION. WHAT WE NEED ZB TOUR BUPPORT FOR INCREASED FINANCIAL RESOURCE M THAT CAM 
BE TARGETED AT THOSE INSTITUTIONS THAT HAVE THE HISTORICAL COHMZTHENT AND TRACE RECORD THAT 
MILL PRODUCE THE DBBZRED REBULTm. 



THANK TOO VERT MUCH. 
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Mr. Wolpe. Thank you very much, Dr. Cole. 
Dr. Stokes? 

TESTIMONY OF GERALD V. STOKES, PH.D., ASSOCIATE PROFES- 
SOR OF MICROBIOLOGY, GEORGE WASHINGTON UNIVERSITY 
SCHOOL OF MEDICINE, WASHINGTON, DC; CHAIRMAN, COMMIT- 
TEE ON THE STATUS OF MINORITY MICROBIOLOGISTS OF THE 
PUBLIC AND SCIENTIFIC AFFAIRS BOARD, AMERICAN SOCIETY 
FOR MICROBIOLOGY 

Dr. Stokes. Mr. Chairman and members of the subcommittee, 
my name is Gerald Stokes and I am Chairman of the Committee on 
the Status of Minority Microbiologists of the Public and Scientific 
Affairs Board of the American Society for Microbiology, and the 
ASM representative to the National Life Science Education 
Summit. I am also an Associate Professor of Microbiology at the 
George Washington University Medical Centei. 
' The American Society for Microbiology is the largest life science 
society in the world, with a membership exceeding 38,000. A major 
goal of ASM's strategic plan has been to develop ways to identify, 
attract and provide better opportunities for underrepresented 
groups to achieve their full potential in the microbiological sci- 
ences. This work was achieved through initiatives of the ASM's 
boards and committees and through collaborative efforts, which in- 
clude many other life science organizations. 

The Project Kaleidoscope Report and that of the National Life 
Science Education Summit both point out the importance of re- 
cruiting and retaining underrepresented minorities in science at 
the undergraduate level, and as you well know, there are many 
programs in place that are striving to accomplish this task. 

ASM, for example, played a major role in the leadership of the 
organization and sponsorship of the National Life Science Educa- 
tion Summit, or the Wingspread Conference, which was held in 
Racine, Wisconsin in February of this year. This event, the first of 
its kind, was initiated by the ASM and attracted representatives 
from 30 life science organizations, which has a combined member- 
ship of nearly half a million scientists and science educators. 

The report from the National Life Science Education Summit 
supports many of the recommendations of the Project Kaleidoscope 
report, particularly its emphasis on strengthening undergraduate 
science and math education. The summit report goes even further 
in calling attention to the need to improve precollege science edu- 
cation and to encourage underrepresented groups to pursue careers 
in life sciences. 

The full report of the Life Science Education Summit has been 
submitted for your review. In addition, copies are available in the 
Office of Education and Training at the American Society for 
Microbiology. 

Another example of the ASM's efforts is the Minority Student 
Science Careers Support Program, or MSSCSP. This encourages un- 
derrepresented minority students who are interested in science to 
pursue careers in the biological research area. The program has 
four components: a visiting scientist program, a summer research 
fellowship program, travel awards to ASM Annual Meetings, and a 
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biological factual exchange component, which is a national clear- 
inghouse of information on financial and training programs for stu- 
dents in the sciences. 

This program is funded by the National Institute of General 
Medical Sciences through its Minority Access to Research Careers 
program. 

The MSSCSP program of ASM has been quite successful in work- 
ing with accomplished students on an individual basis. As we all 
know, by the time a student has chosen to continue his or her edu- 
cation and goes beyond high school, he or she may not be adequate- 
ly prepared to pursue an undergraduate science degree. The specif- 
ic skills needed to do science and to do it well are developed at a 
young age. 

In addition, many undergraduate students have already made 
the decision for or against a science career at that time. To recruit 
students in science, particularly underrepresented minority stu- 
dents, emphasis must be placed on better preparation at the earli- 
est possible level. 

In recommending changes in Federal programs, particularly 
those of the National Science Foundation, the life science commu- 
nity, based on the results of the Life Science Education Summit, 
recommends a revised academic award program that recognizes 
teaching and community outreach services to be as important as 
research. Teaching and community outreach should be rewarded 
equally. 

Another role for the National Science Foundation should be to 
serve as a catalyst for interaction and cooperation of teachers, 
school administrators, and scientists in efforts initiated by profes- 
sional life sciences organizations. Very few programs, especially 
those requiring the participation of teachers, can have any success 
without the cooperation of local school boards and administrators. 

In addition, it is also recommended that Federal agencies include 
members of professional societies in the national science education 
projects as resources for both expertise and information. 

Finally, the ASM would like to commend the efforts of those in- 
volved in Project Kaleidoscope and would strongly advocate the in- 
clusion of more precollege science and mathematics in the overall 
plan. Virtually all of the recommendations can apply to this popu- 
lation. We firmly believe that the recruitment of underrepresented 
groups must begin at the earliest possible stage of learning and 
must be supported at every level, including the undergraduate 
years and precollege years. 

Thank you for the opportunity to testify, and I would be pleased 
to answer questions later. 

[The prepared statement of Dr. Stokes follows:] 
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Mr. Chairman and members of the subcommittee, my name is Gerald V. 
Stokes and I am Chairman of the Committee on the Status of Minority 
Microbiologists of the Public and Scientific Affairs Board of the American 
Society for Microbiology and the ASM representative to the National Life Science 
Education Summit. I am also Associate Professor of Microbiology at the George 
Washington University School of Medicine. The merican Society for 
Microbiology is the largest life science society in the world with a membership 
exceeding 38,000. A major goal in the ASM's strategic plan is to " develop ways 
to identify, attract and provide better opportunities for unde represented 
groups to achieve their full profession* I potential in the microbiological 
sciences." This work has been achieved through initiatives of ASM's boards 
and committees and through collaborative efforts which have included many 
other life science organizations. 

The Project Kaleidoscope Report and that of the National Life Science 
Education Summit both point out the importance of recruiting and retaining 
under represented minorities in science at^the undergraduate level and as you 
are aware, there are many programs in place that are striving to accomplish 
this task. The ASM, for example, played a major leadership role in the 
organization and sponsorship of the National Life Science Education Summit or 
"Wingspread Conference" in Racine, Wisconsin in February of this year . This 
event , the first of its kind , was initiated by the ASM and was attended by 
representatives of thirty life science organizations whose combined membership 
nears a half million scientists and science educators. The report from the 
National Life Science Education Summit supports many of the recommendations r»* 
the Project Kaleidoscope report; particularly its emphasis on strengthening 
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undergraduate science and math education. The Summit report goes even 
further to call attention to the need to improve pre-coilege science education 
and to encourage underrepresented groups to pursue careers in the life 
sciences. 

The National Life Science Education Summit was formed to pool the efforts 
and resources of the diverse life science community into one single endeavor. 
The Summit participants agreed to establish a life science network, called the 
Coalition for Education in the Life Sciences (CELS); to identify the 
organizations and resources to bring about formulated strategies; and to 
generate a national platform for the life sciences. The full report of the Life 
Science Education Summit has been submitted for your review and additional 
copies are available from the Office of Education and Training at the ASM. 

A second example of ASM's efforts, is the Undergraduate Faculty 
Enhancement program funded by NSF. This program promotes undergraduate 
faculty and research scientists interaction for the purpose of improving 
undergraduate microbiology education. The program sponsors summer 
fellowships for undergraduate faculty at a research institutions. 

Another example is the Minority Student Science Careers Support 
Program (MSSCSP) which encourages underrepresented minority students who 
are interested in science to pursuu careers in biological research. The program 
has four components: a Visiting Scientist Program, Summer Research Fellowship 
Program, Travel Awards to the ASM General Meeting and a Biological Careers 
Factual Exchange (BJOFAX), a national clearinghouse of information on financial 
and training programs for students in the sciences. This program is funded by 
the National Institutes of General Medical Sciences' (NIGMS) through its 
Minority Access to Research Careers (MARC) Program. 
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The MSSCSP has been quite successful by working with accomplished 
students on an individual basis. However, as we all know, by the time a 
student has chosen to continue his or her education beyond high school, he or 
she may not be adequately prepared to pursue an undergraduate science 
de^ee. The specific skills needed to do science and to do it well are developed 
at a young age. In addition, many undergraduate students have already made 
the decision for or against science as a career. To recruit students in science, 
particularly underreprcsented minority students, emphasis must be placed on 
better preparation at the earliest possible level. 

In rece^m-nding changes in Federal programs, particularly those of the 
National Science Foundation, the life science community, based on the results of 
the National Life Science Education Summit, recommends n revised academic 
reward system that recognizes teaching and community outreach services* to be 
as important as research activities. Teaching, community outreach and research 
should be rewarded equally. Without the collaborative efforts of the research 
and educational communities, the number of U.S. research scientists will 
continue to diminish. Professional societies can be used as the impetus for these 
rewards and recognition. 

Another role of the NSF should be to serve as a catalyst for the 
interaction and cooperation of the teacner, school administrator and scientist in 
efforts initiated by professional societies and other organizations. Very few 
programs, especially those requiring the participation of teachers can have any 
success without the cooperation of local scho' I boards and administrators. In 
addition, it is recommended that Federal agencies include members of 
professional societies in national science education projects as resources for 
both expertise and information. 
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As we sec it, the National Science Foundation must take tho Iciri in 
supporting the efforts of Tho Coalition for Education in the Ufo Sciences 
(CELS) and organizations like it that would establish guidelines for improving 
undergraduate curriculum in the life sciences as well as u -mtional clearinghouse 
of life science education programs. The clearinghouse can also assist with the 
dissemination of federally-funded grants, awards and scholarships. 

The NSF must also support gTassroots e ff or ts since it has been found 
thai educational programs initiated by community-based organizations are key to 
recruiting underrepresented minorities In tho sciences. Community-based 
organizations, such as churches, boys and girls clubs and community centers 
have a strong involvement in and are better connected to these communities. 

Finally, the ASM would like to commend the efforts of those involved in 
Project Kaleidoscope and would strongly advocate the inclusion of pre-colloge 
science and mathematics in the overall plan. Virtually all of the recommendations 
can apply equally to this population. We firmly believe that the recruitment of 
underrepresented group* must begin at the earliest possible stage of learning 
and must lie supported at every level including the undergradua e years and 
beyond. Thank you for the opportunity to testify and I would b< pleased to 
respond to any questions. 
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TESTIMONY OF DR. JANE MARGARET O'BRIEN, PRESIDENT, 
HOLLINS COLLEGE, ROANOKE, VA 

Dr. O'Brien. Mr. Chairman, my name is Dr. Jane Margaret 
O'Brien and I thank you for inviting me to participate today in this 
oversight hearing. 

I have been asked in particular to address the issues of recruit- 
ment and retention of women in science at the undergraduate 
level, and to make recommendations for changes in Federal pro- 
grams that would likely increase the participation of women in sci- 
ence. 

My impressions are shaped first by the fact that I am a woman 
scientist with an undergraduate degree in biochemistry from an 
historically women's college; second, by my 12-year background in 
teaching and research at an undergraduate liberal arts institution; 
and third, by my new appointment as president of a women's col- 
lege, Hollins College, with a 150-year tradition of commitment to 
encouraging women's achievement in the sciences. 

Women today constitute 45 percent of the total work force. Yet 
in 1979, women accounted for 9 percent of the science and engi- 
neering work force. By 1986, this had increased to 16 percent, and 
the latest indicators are that we are up to 18 percent. These num- 
bers suggest that we have made significant progress in recruiting 
and retaining women in the sciences. This is true both at the bac- 
calaureate level and at the doctorate level, where respectively one- 
third and one-quarter of the degrees in the sciences are now being 
awarded to women. 

Two types of institutions have been particularly successful in 
educating women in the sciences: the so-called Liberal Arts I col- 
leges and the Research I universities. Liberal Arts I colleges rank 
first overall in the production of science baccalaureates and first in 
the production of women science graduates. 

Mr. Nagle. Tell me what a Liberal Arts I college is. 

Dr. O'Brien. A classification done by the Carnegie Foundation 
for teaching in 1986 classified institutions as Liberal Arts I if they 
were less than 2,500 in size, predominantly undergraduate in com- 
position and did not give more than 50 percent of their degrees in 
occupational or professional fields. Most of the institutions repre- 
sented today are Liberal Arts I. 

Mr. Nagle. You used another term, too, Research I? 

Dr. O'Brien. Research I universities are those that have — I think 
it is above $55 million given per year for the purposes of research, 
and have predominantly, I would hate to give the number, but a 
certain number of Ph.D.s that are granted per year in the sciences. 

These are specific classifications and I use them because they 
were used in the Project Kaleidoscope report. 

With only 3 percent of the undergraduate enrollment, these col- 
leges, which many of us represent today, award 10 percent of the 
Nation's baccalaureate degrees in the natural sciences and mathe- 
matics each year. Close behind are the Research I universities. 

Women's colleges, primarily a subset of the liberal arts colleges, 
have had a particularly important role in the production of women 
scientists. The proportion of women science doctorates earned by 
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graduates of women's colleges has been historically and still re- 
mains almost twice that of coeducational counterparts. 

Of all the explanations which might help us to understand this, 
none is more intuitively plausible and more statistically valid than 
the correlation developed by Dr. Elizabeth Tidball of George Wash- 
ington University Medical Center, supporting the direct relation- 
ship between the number of women faculty members at an institu- 
tion and the number of women students who subsequently obtain 
doctorates in the natural sciences. 

It is in the women's colleges where women faculty members are 
most numerous, approximately twice as prevalent as in coeduca- 
tional institutions. The imprinting of young women scientists on 
women mentors is the most directly understandable and verifiable 
fact we know about women's career choices in the natural sciences. 
This simple fact should guide us in planning for improving the re- 
cruitment and retention of women in the sciences. 

From this, there are three suggestions I will make which can di- 
rectly and rather simply affect increased involvement of women in 
the sciences. First, we must encourage vomen faculty to stay in the 
sciences and encourage new women Ph.D.s to join us, to help us 
build our network of women scientists. 

In the established NSF faculty development programs, including 
visiting professorships for women and career advancement awards, 
which specifically help faculty members to gain new skills and to 
build important community networks in the sciences, encourage 
more mentoring between liberal arts college faculty, particularly 
women's colleges which have the greatest concentration of women 
faculty members. 

This parallels a recommendation from the Project Kaleidoscope 
report. 

Secondly, we must encourage mentoring of women students uy 
women faculty. Mentoring is a long-term commitment, and I will 
second Professor Doyle's recommendation made earlier that the 
very valuable NSF REU program be reconsidered and restructured 
more specifically to encourage mentoring within institutions, espe- 
cially women students by women faculty members. 

Thirdly, set the example. The more visibly that the National Sci- 
ence Foundation and other national science organizations show all 
of us, faculty and students alike, that women scientists have a 
voice in policy, the more eagerly we too will work to plan for the 
best learning communities. 

I close by thanking you for this opportunity to address you. 

[The prepared statement of Dr. O'Brien follows:] 
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INTRODUCTION 



I am pleased to participate today in this oversight hearing on 'Traditional and 
Nontraditional Sources of Future Research Scientists" held before the Subcommittee on 
Investigation and Oversight for the U.S. House of Representatives Committee on Science, 
Space and Technology. I have been asked in particular to address the issues of recruitment 
and retention of women in science at the undergraduate level and to make nxx>mrnendations 
for changes in Federal programs that would likely increase the participation of women in 
science. 



Three perspectives inform my comments. First and foremost, I am a woman scientist with 
a personal understanding of the problems of recruitment and retention of women in science 
at the undergraduate level. My undergraduate training began at the University of Delaware, 
which boasts one of the finest undergraduate chemistry programs in the country. 
Unfortunately, I found myself uncomfortable and discouraged as one of two women in a 
class of over 100 chemistry students in organic chemistry. After the first exam, I came to 
the painful realization that being so obvious by gender was no advantage in a classroom 
where exams were returned in order of descending grade. It made no difference that I 
ended that course with a B. What did matter to me is that most of the class members had a 
sense of my class standing, and that I had a sense of my difference. I transferred after that 
semester, and purposefully chose a liberal arts college with a strong commitment to the 
education of women. 



Secondly, with the exception of my freshman year, I have spent my entire academic career 
at liberal arts institutions. Sixteen years ago, I received my undergraduate degree in 
biochemistry from Vassar College. And for the past eleven years I have been a faculty 
member at Middlcbury College, where I was the first woman hired and tenured into a 
permanent faculty position in the Division of Natural Sciences. Middlebury College has a 
strong tradition in the sciences and, yet, like most liberal arts colleges, recruitment and 
retention of women in the sciences is a significant issue especially in the disciplines of 
chemistry, physics and mathematics where women are traditionally underrepresented 



Thirdly, I now speak as the president of Hollins College, a liberal arts college dedicated to 
the education of women. As one of ninety -three women's colleges in the country, Hollins 
has a particular stake in understanding the recruitment and retention of women in 
undergraduate science education. It is women's colleges like Hollins who have succeeded 
not only in building a strong pool of women graduating with degrees in the sciences, but 
who have excelled especially in preparing women who subsequently pursue doctoral study 
in the sciences. Altogether, six traditionally women's colleges, including Barnard, Mount 
Holyokc, Smith, Wclicslcy, Ratcliffc and Vassar, form the core of colleges who 
collectively have produced the greatest number of women Ph.D. scientists. And although 
these schools have set the highest standards for educating women scientists, there, arc 
another 10 women's colleges, including Hollins College, who have collectively produced 
half again as many women Ph.D. scientists. 
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In her treatise "Doctoral Productivity of Women's Colleges," Carol Fuller of the 
Independent Colleges Offices in Washington, D.C., shows that the proportion of women's 
science doctorates earned by graduates of women's colleges is twice that of their 
coeducational counterparts, both for doctorates awarded over the period 1961-1980, as 
well as for the doctorates earned over the period 1970-86. 1 This information is particularly 
significant because it establishes unequivocally that women's colleges are as important 
today as they have been historically in achieving the highest success in educating our 
brightest women scientists. During the fifteen year period from 1960-76, fully one-half of 
our nation's women's colleges began recruiting and admitting men, thereby changing their 
status to coeducational. Yet the data set for 1970-86, extending ten years beyond this most 
dramatic change shows with consistency that women's colleges are twice as likely as 
coeducational institutions to produce women scientists who subsequently pursue a 
doctorate. 



Tnis distinction is not surprising to anyone who knows M. Elizabeth Tidball's statistics on 
women's colleges. Dr. Tidball, Professor of Physiology at the George Washington 
University Medical Center, has published widely on the collegiate environments most 
conducive to the development of high-achieving women and men. She has developed a 
statistical correlation supporting the direct relationship between the number of women 
faculty and the number of women students who continue in post-college achievements. For 
both women's colleges and for coeducational institutions, the number of women achievers 
correlates positively and similarly with the number of women faculty members. This 
relationship has been established specifically for women faculty and women graduates who 
subsequently earned a research doctorate in the natural sciences.Thcre arc, then, two 
caveats which explain the special environment in women's colleges. First, women faculty 
members are twice as prevalent in women's colleges as in coeducational colleges. 
Secondly, there is no statistically significant relationship between women achievers and the 
number of male faculty. 2 



Such correlations between women science teachers and women in the sciences have not 
been developed for other educational sectors, but it would seem unlikely that only the ranks 
of the highest-achievers would be affected so significantly. I have experienced this in my 
own education as well as through the teaching of my women students. The presence of 
women in the sciences will encourage the participation of other women and this, above all, 
should guide our nation's planning for recruiting and retaining women in the sciences. 



RECRUITMENT AND RETENTION OF WOMEN IN SCIENCE 

The recently released Project Kaleidoscope report, funded by the National Science 
Foundation and coordinated through the Independent Colleges Office, states succinctly the 
importance of recognizing the inevitable link between science education and our nation's 



1 The data is normalized for number of baccalaureates; for 1961 -80 docioraics ihc baccalaureates .awarded 
from 1956-76 were compared; for 1970-86 doctorates the baccalaureates from 1970-82 were compared. 
2 TidbalI, E. "Women's Colleges: Exceptional Conditions, Not Exceptional Talent, Produce High 
Achievers," in Educating the Majority, Pearson, C.S., Shavlik, D.L. and Touchton, J.G., cds. Macmillan, 
NY 1989 
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performance in a world of sophisticated technologies, which in turn are increasingly used 
as the basis for indicators which measure national progress and health: 



It is clear that the U.S. education enterprise, particularly in mathematics, 
physical sciences, and engineering, is seriously underperforming. Measures of 
trade balances, patent activity, technical specialists per capita, and research and 
development expenditures reveal that this nation incurs serious penalties from 
these failings. 



Senator Albert Gore, speaking in 1990, stated the argument in terms of our nation's 
competitiveness: 



We need action soon. More and more, America's competitiveness depends 
directly on the men and women who develop and apply new technologies. Our 
health depends on researchers finding new ways to cure disease. The quality of 
our environment depends on scientists and engineers finding new ways to 
protect our planet. So many of the questions we face today require scientific and 
technological answers. We need to ensure that we have the men and women to 
provide those answers. 



It is implicit from Senator Gore's remarks that education is at the root of ensuring our 
workforce. And the expectation is that our nation's competitiveness will depend on the 
participation of men and women as contributors. Women today constitute 45% of the total 
workforce. In 1979, women accounted for 9% of the science and engineering workforce. 
By 1986 this had increased to 16%. Where women are clearly the most undcrreprescnted in 
this sector is in engineering, where only 1 out of every 25 engineers is a woman. In the 
sciences alone, women are more represented and range from a low of 12% of the 
environmental scientists to 45% of psychologists. Considering the sciences alone, one in 
every 4 employed scientists in 1986 was a woman. 3 



These numbers suggest already that we have made significant progress in recruiting and 
retaining women in the sciences. Indeed, this is true, both at the baccalaureate level and at 
the doctoral level. Today one-third of the baccalaureate degrees in the sciences are awarded 
to women. The Project Kaleidoscope report makes a strong case for the particular role of 
two types of institutions in educating women at the undergraduate level: the so-called 
"Liberal Arts I Colleges" and the "Research I Universities" as defined by the Carnegie 
classification for colleges and universities, representing 142 and 70 institutions, 
respectively. Independent Liberal Arts I colleges rank first overall in the production of 
science baccalaureates and first in the production of women science graduates. With only 
3% of the undergraduate enrollment, these colleges award 10% of the nation's total 
baccalaureate degrees in the natural sciences and mathematics each year. Close behind are 
the Research I Universities. And Q 3 previously noted, the women's colleges have had a 
unique role of their own as a subcategory of the Liberal Arts I institutions. 



3 National Science Foundation. "Women and Minorities in Science and Engineering," 1988 
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At the doctoral level, no graduate schools were available to women wishing to receive a 
degree prior to the 1880's. By 1920, only 15 institutions had granted 5 or more Ph.D.s to 
women in the sciences. During the ensuing decade, 627 of the doctorates in the sciences 
were earned by women, or 1 1% of the total. 4 This percentage has held relatively steady 
until the past three decades. By 1987, women earned 27% of *he doctorates in the 
sciences. 5 However, a closer look at the data shows that this increase in the representation 
of women is determined at least in part by an unfortunate correlator: the declining number 
of men receiving doctorates. 



To improve recruitment and retention of students in the sciences, the Project Kaleidoscope 
report recommends that we consider changes which will significantly change the 
appearance of the science classroom. A number of learning models are highlighted in the 
report, including highly interactive, experimentally based curricula which blur the 
restrictive distinctions between pedagogy and content by making the laboratory the 
classroom. This environment, modeled after the progressive liberal arts classroom, works 
for women as well as men: 



It is now clear that women can succeed in great numbers in science and 
mathematics. The success of women in science and mathematics is greatest in 
settings — both single- sex and coeducational — characterized by the kinds of 
learning communities described in this report. These settings warm the chilly 
climate for women so often noted at all levels of education in this country. 



The learning communities described in Project Kaleidoscope are reminiscent of the 
successful strategies which have been used at earlier ages to engage young girls in science. 
Patricia Campbell describes some of the "community" aspects which make science 
acceptable to young girls considering math and science careers, including: 6 

• Emphasizing career exposure, not career choice. That is, talking with 
scientists, not talking about scientists. 

• Involving girls in activities that reflect the work of people in different 
science and math careers. That is, participation in hands-on activities. 

• Reducing the isolation frequently felt by girls who are already interested in 
math and science. That is, allowing for a conversant community. 



I believe that we are on the verge of understanding ways in which recruitment and retention 
of women in the sciences can be achieved. But we need to consider always the whole 
picture of women in science, including the pre-college years and the post-college years, if 
the ultimate goal is to bring an underutilized human resource into the workforce. One of 



4 Tidball, E. in "Women's Colleges and the Education of Natural Scientists," presented October 1987, 
Boston Science Museum 

5 National Research Council, "Doctorate Recipients from United States Universities," 1987 Summary 
Report 

6 Campbell, P.B. "Girls and Maih: Enough is Known for Action," WEEA Digest, Department of 
Education, 1991 
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Hollins' alumnae. Dr. Mary Beth Hatten, recently shared some of her thoughts about 
emerging career issues as a woman scientist now working to educate our next generation's 
scientific minds: 



Twenty years after being graduated from Hollins, I find myself obsessed with 
two occupations, caring for my eight year old son and pursuing a career as a 
neurobiologisL In the latter, I run a large laboratory of young scientists at 
Columbia University whose work is directed toward understanding how 
immature nerve cells establish the pattern and connectivity of the brain. 

Over the past few years, as our work has gained international recognition, I 
have often questioned what it means to be a woman in science. Although we all 
like to argue that it's only the science, not the gender of the scientist, that 
matters, we know full well that women and men often approach problems 
differently. Moreover, it is tacitly understood that the most successful women 
are those who can provide the best imitation of a man. Having reached the mid- 
career milestones, I find myself wanting to find ways to affirm, and even 
institutionalize, a "woman's approach" in science. 

What is a woman's approach? At this stage, it's easier to define what it is not, 
than what it is. It is not "bottom line", not "winner take all", not "all or 
nothing", not "publish or perish", not "bull and bearish", not a "competitive 
edge" or "you arc what you earn", and definitely not a game of basketball, 
tennis or golf. It is a longer view, a willingness to take on problems that are not 
immediately resolvable. It is being able to say "I'm going home to see my 
children" when a deal is on the table. 

Several weeks ago, I received an invitation to a meeting of the tenured women 
professors of Columbia University. Although very active a decade ago, this 
group had not convened recently, not in the time I have been at Columbia. I felt 
an intense curiosity as to who these women might be, and how they had 
addressed their own questions. 

As I walked into the iounge of Philosophy Hall, a grand old reading room, I 
■ was struck with a feeling that I had not felt for a very long time. I realized it was 
a feeling that I first found at Hollins, a feeling that has been hard to come by 
since, of unconditional support for women. This was not a man's world. For 
one thing, the chairs were in a circle. For another, the issue was not whether 
women still have difficulties developing successful careers, but how to address 
these difficulties. 

One by oi,e, the women, Professors of Biophysics, Romance Languages or 
Law, rose with their lists of concerns voiced by younger women in starting, 
developing and maintaining academic careers. The discussion went on for 
hours, each point pounding the realization that in the 1990's the uncertainty 
about how to foster a woman's career and personal development is greater than 
it was a decade ago. 

Why is that? There are no ru»cs for women. Most often, the pathway is ad hoc, 
owing to different levels of acceptance of women and to different male codes of 
behavior in different fields. Then, too, there is the most ad hoc arrangement of 
all, the logistical nightmare of juggling a career and children. More women drop 
out at critical points, just after college, just after graduate school, than men, and 
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there are no established mechanisms for coming back. Moreover, there is little 
information to define accurately the problems women face in their careers and a 
lack of public resolve to address these problems. 



Clearly the issues of women in science extend beyond the classroom, no matter how 
imaginative we become in designing learning communities. We need to recognize the 
special needs of women in order to accommodate their learning and longevity in the 
sciences. Our approach must be consistent and, above all, respectful of the fact that there 
will probably be, at least for many women, a "woman's approach" in science. 



RECOMMENDATIONS FOR FEDERAL PROGRAMS TO INCREASE THE 
PARTICIPATION OF WOMEN IN SCIENCE 



I offer three recommendations for improving the recruitment and retention of women in the 
sciences: 



Recommendation #1. The NSF Visiting Professorship for Women is a valuable 
program which helps women faculty members to gain new skills and to build important 
community networks in the sciences. I urge you to consider expanding, this program to 
offer more opportunities for women, and to consider more significantly exchanges between 
strong undergraduate institutions. This recommendation parallels in principle 
Recommendation #5 in the Project Kaleidoscope report which encourages the establishment 
of a faculty development program between strong undergraduate institutions, broadening 
the current Research Opportunity Awards (ROA) Program which enables undergraduate 
faculty members to do research at major universities. 

Within our nation's colleges, a strong faculty of women scientists is developing. Women 
faculty are most highly represented in the women's colleges, and secondly within the 
liberal arts colleges. This resource could be shared with other undergraduate institutions if a 
program can be developed specifically to support exchange. Furthermore, by broadening 
the guidelines beyond research to include projects related to the study of educational 
methods, particularly those projects which directly seek to understand and encourage 
retention of women in the sciences, a means would be provided for women formally to 
educate others. It is my strong belief that women faculty have both a strong interest and a 
considerable knowledge about these issues. 



Recommendation #2. The Research Experiences for Undergraduates (REU) Program 
should receive an expanded level of support. This concurs with the recommendation 
offered by Robert M. Gavin to the Subcornmittee on Science in his March 12 testimony. In 
the current REU competition, the principal investigator must have a project(s) that will 
accommodate ten students. Furthermore, the requirement that half of the students be from 
off-campus does not foster the mentoring relationship of community that we are striving to 
create in the sciences. Rather, preference might be indicated for proposals wherein half of 
the students are women and women faculty are involved in the project, in that way 
encouraging a climate wherein women faculty can provide a critical model for young 
women with an interest in the sciences. I specifically choose the route of "preference" 
rather than ''requirement" to encourage rather than mandate that academic communities 
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think about their own campus communities in which women scientists, teachers and 
students, pursue their work- 



Recommendation #3. At some point, it is critical for Federal programs to include more 
women in the top levels of administration and for these women to be visible to women 
faculty and students. I commend the National Science Foundation for working diligently to 
include women on their staff and for keeping women actively involved on review panels. I 
also bring to your attention the composition of the Project Kaleidoscope Executive 
Committee and the Advisory/Action Committee. Women are represented in a significant 
way on these committees, as they need to be on any committees overseeing 
recommendations for the sciences. I hope I have convinced you by the numbers that I have 
presented that there are women who are scientists and that our nation has made 
considerable progress in attracting women into the sciences. Many of us have ideas about 
issues for women in the sciences and many of us can work formally or informally to 
encourage Federal programming which is sensitive to the fact that there will probably be, at 
least for many women, a "woman's approach" in science. 



CONCLUSION 



I close by thanking you for this invitation to appear before this Subcommittee and having 
the opportunity to express my views about the recruitment and retention of women in the 
sciences. In assuming my new responsibilities this past week as the President of Hollins 
College, I am myself following a fellow scientist and chemist Dr. Paula Brownlec, 
president of Hollins College for nine years, was appointed President of the Association of 
American Colleges in September, 1990. We are both women who pursued our professional 
route in the sciences, both proof that there is within the educational system a path that 
works for women interested in the sciences. The challenge before all of us now is to make 
that path wider. 
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Mr. Nagle. Thank you. 
Dr. Gentile. 

TESTIMONY OF DR. JAMES M. GENTILE, PROFESSOR OF BIOL- 
OGY AND DEAN OF THE NATURAL SCIENCES, HOPE COLLEGE, 
HOLLAND, MI 

Dr. Gentile. Thank you, Mr. Chairman. I am very pleased to 
participate today in this oversight hearing. 

My name is Jim Gentile. I speak to you as a biologist who has 
been an active teacher-scholar with undergraduate students for 
over 15 years, and as an administrator who understands the com- 
mitment necessary for changes that will enhance opportunities for 
women and minority students. 

That I am a white male from a coeducational, predominantly 
majority institution underscores the fact that institutions such as 
Hope must play a critical role in the training of women and minor- 
ity students. Hope College has a strong tradition in training stu- 
dents who obtain advanced degrees in science and mathematics. 

We are now dedicating significant efforts to meet the need of 
women and minority students in the sciences and to build and 
retain a student body that reflects current population demograph- 
ics in Western Michigan. 

The first step necessary for any institution to make inroads into 
the education of women and minority students is commitment. In- 
sufficient commitment is generally a greater barrier to success 
than inadequate resources. Liberal arts institutions such as Hope 
College are among those institutions that have expressed commit- 
ment and developed the programs necessary for success with these 
students. 

It is my firm belief that liberal arts schools will lead the way in 
the future in the continued development of successful programs 
that can serve as models for all institutions. Using some programs 
now in place at Hope, let me give you some personal examples of 
how institutional commitment can be translated into action. 

To encourage science career opportunities and to recruit minori- 
ty students into the sciences, we have entered into a unique part- 
nership with the University of Michigan Medical School in which 
we jointly recruit and provide fiscal resources for minority students 
to pursue undergraduate studies at Hope followed by guaranteed 
graduate work at the University of Michigan. 

As undergraduates, the students are nurtured in faculty and stu- 
dent led support groups, they pursue biomedical research with fac- 
ulty from both institutions, and following graduation from Hope, 
they are admitted with scholarship for graduate study at the Uni- 
versity of Michigan Medical School, 

This program has proven extraordinarily successful in attracting 
promising students and giving these students a guaranteed career 
opportunity at a very early stage of their education and of sustain- 
ing these students in a continuum from undergraduate through 
graduate years, 

A second example involves partnerships that improve student in- 
terest in science at the elementary school level. Our Partners in 
Science program, funded through a generous grant by the Kellogg 



is: 



128 



Foundation, Hope College and three local school districts, allows in- 
service elementary school teachers to work side by side with Hope 
College students who are preparing for a teaching career. Teachers 
and students take classes together, do joint hands-on laboratory 
work, and together bring hands-on laboratory modules back into 
the elementary classroom for the elementary students. 

Included in this program are special Saturday and evening pro- 
grams for girls and minority students and their families. These em- 
phasize opportunities in science and encourage the young students 
to pursue careers in science and mathematics. 

Thirdly, using funding from the GTE Foundation, the NSF, NIH 
and the Howard Hughes Medical Institute, we have developed 
summer programs that allow women and minority students from 
area high schools and Hope College undergraduate students to 
work collaboratively with one another and with Hope faculty in re- 
search laboratories. The high school students simultaneously take 
enrichment courses in English, mathematics and science to en- 
hance opportunities for future college success. 

Lastly, along with nine other liberal arts institutions, Beloit, Cur- 
leton, Grinnell, Kalamazoo, Knox, Macalester, St. Olaf, Rhodes, 
and Trinity University, and two distinguished private universities, 
The University of Chicago, and Washington University-St. Louis, we 
are members of the Pew Mid-States Consortium for Science and 
Mathematics. 

We have developed collaborative programs that enhance curricu- 
lar development. A central focus is aimed toward improving entry 
level courses and devising different avenues in the curriculum, 
multiple entry points, through which students can travel in their 
pursuit of science and mathematics careers. 

We have also devised teaching workshops to enhance faculty ac- 
countability to women and minority students. For example, a 
woman Hope faculty member and a male faculty member from 
Carelton College are now organizing a teaching enhancement work- 
shop focused at changing the classroom climate to meet the needs 
of women and minority students on our campuses. 

These are but a few examples of efforts that have significantly 
strengthened educational opportunities at Hope for women and mi- 
nority students, while also helping all students to enrich their 
vision of careers in science and mathematics. There are also exam- 
ples of creative opportunities available to all institutions serious 
about developing approaches to catalyze the teaching of women 
and minority students. 

Let me summarize by saying that among the lessons learned 
from Project Kaleidoscope is that faculty and administrators from 
predominantly undergraduate institutions are eager to be involved 
in national efforts to reform undergraduate science and mathemat- 
ics education, and are equally eager to develop and sustain pro- 
grams that foster science career opportunities for women and mi- 
nority students. 

We realize that the ultimate solution in achieving our goals is to 
not rely solely upon resources from the National Science Founda- 
tion and other Federal agencies. Rather, we must foster partner- 
ships between the public and private sectors and committed aca- 
demic institutions to sustain our efforts over the long haul. 
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For example, a Federal program to promote linkages between 
faculty from minority and majority institutions or between faculty 
from coeducational and single-sex institutions, and allow for 
unique consortial arrangements between such schools would be a 
catalyst for action. 

We look forward with enthusiasm to learning from our col- 
leagues at minority and single-sex schools and to hearing a vision 
of what works for women and minority students with one another 
and with all. Thank you. 

[The prepared statement of Dr. Gentile follows:] 
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INTRODUCTION . I am very pleased to be invited to participate today in this oversight 
hearing on traditional and nontraditional sources of future research scientists held before 
the Subcommittee on Investigations and Oversight of the House Committee on Science, 
Space and Technology. For Hope College; for our peer institutions within the Associated 
Colleges of the Midwest, the Great Lakes Colleges Association, the Central Pennsylvania 
Consortium; for Reed College, Allegheny College and the other institutions served by the 
Independent Colleges Office; and for all students, faculty, and administrators of institutions 
that have actively participated in Project Kaleidoscope; the National Science Foundation 
and other agencies within the Federal Government are significant partners with us in our 
efforts to attract and sustain student interest in science and mathematics. We recognize 
and appreciate the central role this subcommittee plays in catalyzing the relationships 
between the government and predominantly undergraduate institutions such as Hope 
College, and in ensuring that those relationships are productively focused. 

My comments reflect my 15 year history as a teachcr-scholar-administrator at a liberal arts 
institution. I received my undergraduate degree in the biological sciences from St. Mary's 
College in Minnesota and my Ph.D. in genetics from Illinois State University. In 1976, 
following postdoctoral studies at Yale University, I became a faculty member at Hope 
College, and I assumed the position of dean of the natural sciences at Hope College in 
1988. I have worked with undergraduate students continuously throughout my career. 
Almost one-half of the nearly 100 undergraduate research students from my laboratory 
have gone on to professional careers in science after receiving advanced degrees. Over 60 
of my undergraduate research students have been women. I speak from experience in the 
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classroom and laboratory, and I speak with an understanding of the importance of 
establishing institutional priorities for strengthening science and mathematics programs. 
I am particularly excited about appearing before this committee and for having the 
opportunity to express my views on issues dealing with this particular topic, the education 
of women and minority students in the sciences. This is topic of special importance to me. 
I have dedicated a significant portion of my energies to this need and I pledge to continue 
my efforts. Hope College is committed to meeting the needs of women and minority 
students. Approximately 60% of Hope students are women, and we are located in a 
western Michigan community that boasts a strong Hispa.iic heritage More than 25% of 
the local high school students are minority students. Let me cite some examples of our 
recent endeavors to enhance opportunities for women and minority students in science. 
With suppon from the GTE Foundation, and building upon the success of two previous 
NIH Minority Student Research Apprenticeship Program awards, we have developed a 
program to provide local minority high school students with an extensive exposure to 
science and mathematics by providing them with enhanced learning opportunities in the 
summer and academic year in english, mathematics and science, and by incorporating them 
into the research laboratories with Hope faculty and students. This program interfaces 
with an existing Upward Bound Program which is designed to increase the probability that 
women and minority students will attend and successfully finish college. These programs 
have proven remarkably successful. For example, all of the students who participated in 
either the NIH or GTE programs have enrolled in college and the six students from our 
first year of the program have all graduated college with a degree in science. We are now 
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in a new phase of our program and, with recent support from the Howard Hughes Medical 
Institute, we will expand our efforts to reach more students. Hope College has also 
established a partnership with the University of Michigan to provide qualified minority 
students at Hope with funding at both institutions, priority admission for graduate study at 
the University of Michigan Medical School and research opportunities on both campuses. 
In addition, we have recently developed a recruitment and retention program for women 
and minority students that involves a faculty member as a special science recruiter to assist 
us in encouraging these students to attend Hope College and other faculty members as 
mentor-leaders support groups for minority students which they can utilize throughout the 
four years at Hope College. I must emphasize that Hope College is a co-educational 
institution that is not blessed with a high enrollment of minority students. Nevertheless, we 
are an institution that is dedicated to making changes that will enhance opportunities for 
our women and minority students in science and mathematics, that will encourage more 
women and minority students to pursue higher education at Hope and elsewhere, and will 
enrich the bond between Hope College and the surrounding community. 

Today in this Oversight Hearing on traditional and nontraditional sources of future 
research scientists I would like to emphasize three points and make the following 
recommendations: 
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Point 1). The recruitment and the retention of women and minorities into science 
at the undergraduate level; 

RECOMMENDATION: Increased resources be allocated to the NSF Curriculum and 
Course Development Program. Special emphasis must be 
placed on entry-level science and mathematics courses and 
programs that seek to develop multiple entry points for 
students into science and mathematics curricula. Because of 
the wealth of institutions seeking to change to meet future 
needs for women and minority students, many smaller 
awards should be given rather than fewer, centralized large 
awards. 

RECOMM! ATION: Increased attention must be paid to establishing connections 
between colleges and the elementary and secondary school 
communities. Programs must be continued to be shaped so 
that students are made aware of the possibilities and 
excitement of scientific careers well in advance of their 
college years. This is the first, important step in 
recruitment. 



4 



is,:; 



135 



Point 2). The central role of all faculty members in mentoring women and 
minorities in science; 

RECOMMENDATION: The NSF Faculty Enhancement Program should be provided 
with increased funding and funds should me made available 
to support faculty to develop teaching and activities that will 
lead to help increase faculty accountability to women and 
minority students and will lead to enhanced community for 
all students, particularly women and minority students. 

RECOMMENDATION: Establish a National Doctorate Opportunities Program to 
expand existing doctoral development efforts and create 
initiatives to increas* the number of womeu and minorities 
receiving doctorates. Women and minority undergraduate 
students must know that career opportunities if they 
respond to our call. Women and minorities play vital roles 
in working with students and in helping dedicated White and 
male faculty in reaching out to women and minority 
students. We need to establish a critical mass of qualified 
women and minority faculty members. 
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Point 3). The importance of co-educational and majority institutions to make 
commitments to programs that enhance opportunities for women and 
minorities in science. 

RECOMMENDATION: Institutional Environment* must be changed if we are to be 
successful in enhancing opportunities for women and 
minority students. The Research Careers for Minority 
Scholars Program is an excellent program that must be 
continued and expanded. Programs must be established that 
challenge institutions to think comprehensively, and support 
institutions in their comprehensive efforts. 

RECOMMENDATION: THE NSF and other federal agencies should establish 

programs that foster partnerships between individuals and 
between different types of institutions to strengthen 
opportunities for women and minority science students. 
Structures must be implemented to link people and to 
provide a network for strategies that work. Monies should 
be set aside in the course and curriculum program for joint 
projects between minority and majority institutions. 
Furthermore, appropriate oversight must be maintained so 
that different Federal agencies and different arms within 
agencies can act in a coordinate manner. 

6 
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We must have a clear sense of what works in science and mathematics education for 
women and minority students if the above recommendations are to be successfully 
implemented. We must have a clear vision of the problems and the potential of women 
and minorities in science and mathematics, and we must have a articulate plan of how all 
institutions, particularly co-educational, predominantly majority institutions, can take the 
steps necessary to ensure that women and minority students on their campus are provided 
with the best opportunities for success in science and mathematics. 

Science and mathematics are created, transmitted, and applied by people. They are 
fundamentally human activities. If this country is to continue having strong science and 
mathematics, then human resources - the education and continued engagement of 
scientists and mathematicians - is almost the only important question. 

It is well-documented that women and minorities are severely under-represented in science 
and mathematics careers. However, while there is general agreement about the 
importance of increasing the participation of women and underrepresented minorities in 
undergraduate and graduate education in science and mathematics, there is less agreement 
about the public and private commitment to provide the financial resources and to develop 
the policy initiatives necessary if the rate of participation of these two groups is to be 
improved. The work of the Quality Education for Minorities in Mathematics, Science, and 
Engineering is a particularly cogent example of how a joint effort can serve to foster a 
restructuring process to meet the needs of our nation's minority students. 
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Studies have shewn repeatedly that a significant number of predominantly undergraduate 
colleges, including some Historically Black Colleges and Universities and somz women's 



scientific and technological careers. Their success applies as well to minority students and 
women, and this success can be traced directly to the manner in which science and 
mathematics education takes place in these colleges. These schools are successful because 
they have a common denominator of a strong community-based learning environment. 
This is the crucial enabling factor in the success of historically Black colleges and of other 
colleges that succeed with minority students, and it is also what propels many graduates of 
women's colleges to successful careers. Community is attainable by all institutions and it 
should be sought as a deliberate goal of policy and design in all baccalaureate learning 
environments. 

Science and mathematics education succeeds whenever it takes place within an active 
community of learners, where students work in groups of manageable size to enhance 
collaborative learning and where faculty are deeply committed to teaching, devoted to 
student success, and confident that students can learn. This type of learning is never 
passive. It is active, steeped in research and experiential from the very first introductory 
courses to the completion of students 1 science and mathematics education. 

This kind of education simultaneously motivates and empowers students to learn science 
and mathematics. It enmeshes students within a community that improves the persistence 
of individuals through the continuity of instructional programs. 



colleges, have extraordinary success in producing graduates able to move easily into 
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POINT 1: THE RECRUITMENT AND RETENTION OF WOMEN AND MINORITIES 

The last two decades have produced increased numbers and proportion of women and 
minority individuals receiving bachelor's degrees. Sadly, in most areas, the increased 
percentages are due more to declines in the numbers of white males majoring in science 
and mathematics than to increased participation by women and minorities. The impending 
shortage of white male students must not be the reason we encourage women and minority 
students to engage careers. Rather we must foster science and mathematics career 
opportunities for women and science because it is important for them as individuals, and 
the wealth of scientific and mathematical knowledge will expand because of their future 
contributions. 

Of the many factors beyond outright discrimination that contribute to the discouragement 
of women and minority scientists, six stand out. These are: 

1. Introductory courses, especially at many large research institutions, apparently 
serve to discourage women and minorities at a time when they need most 
support. 

2. Women and minority students are a distinct "minority" at every level in most 
scientific disciplines, resulting in a lack of a critical mass of peers. 

3. Because of the lack of women and minority faculty members, few same 
sex/race faculty role models exist. 
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4. Women and minority students ask fewer questions or are ignored in courses 
and engage less often in debate with other students and with faculty members. 

5. Highly competitive grading systems result in enhanced frustrations for women 
and minority students, and they are more likely to blame their own "lack of 
talent" rather than problems in the classroom or teaching climate as the cause 
of their perceived unsatisfactory performance. 

6. The high levels of frustrations and competitiveness for research funds among 
facility provide significant discouragement for women and minority students 
who are attempting to balance career decisions with "normal lives." 

It is relevant to note that all of these factors suggest something about self-concept or self- 
image. Thus programs and curricular endeavors that are encouraging rather than 
discouraging, that "cultivate" talents rather than "weed" students, and that promote 
opportunity and creativity rather than depress career choices and individuality will be the 
only programs that will succeed in developing a cadre of women and minority scientists 
and mathematicians who will be vital human resources for the future. 

We must concentrate first on courses in the general and introductory area. This is the first 
place we can make the quest reforms. We have women as entering students and most of 
our students have minorities as first year students. We must grasp foster their creative 
energies from the very first day and encourage them in this formative stage of their 
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education if we expect to have a meaningful impact on their career development in science 
and mathematics. 

We must also focus energies on improving elementary/secondary school connections. 
Volumes have been written about the decline of science and mathematics awareness and 
abilities of our elementary and secondary school students. Curricula are often out of date 
and it is rare that students have the opportunity to participate in hands-on experiences that 
enrich their awareness of science and mathematics and make these disciplines a reality in 
their lives. Those of us a colleges and universities cannot lament our fate and allow the 
various sectors of pre-college education to shoulder the entire burden alone. We must 
find creative ways to improve our connections with local schools and school districts and 
devise creative strategies to bring all students, particularly women and minority students, to 
a stage where science and mathematics career opportunities become an expectation rather 
than an unattainable dream or, in more dire situations, a nightmare. 

The disgraceful situation of the small number of .vomen and minority students who are 
attempting to pursue science and mathematics degrees at majority institutions can be 
corrected. Science and mathematics departments must implement constructive plans to 
alleviate the multitude of problems that exist We must envision introductory courses as 
an opportunity to recruit. Multiple entry points into science must be developed within 
each institution. These avenues that allow students different routes through the curriculum 
to enter science programs are essential if we are to provide opportunities for students with 
diverse backgrounds. Group-learning and research opportunities for students must be 
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established and maintained to help to sustain students in college* peer-support group 



As Shirley Malcolm of the AAAS said at the Project Kaleidoscope National Colloquium, 
"Women and minorities are the miner's canary signalling deeper problems in our 
programs. If we do not rethink programs and if we continue to depend upon tired 
strategies of weeding we will certainly face a troubled future." 

Clearly, individual academic institutions must shoulder a significant share of the 
responsibility for change to a system that will be supportive of the needs of women and 
minority students in the sciences and mathematics. However, beyond a commitment to 
change, fiscal support for that change must oe made available. The NSF-Undergraduate 
Curriculum and Course Development Program is one key to success. The demand and 
need for this program has been well-demonstrated, but resources availability has been 
limited. This program must also have multiple foci. There must be a balance between the 
large, systemic change efforts that are proposed with those affecting institutions of all kinds 
- serving a diversity of students. 



structures must be devised, and communities of learners must be nurtured. 
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RECOMMENDATION 

I propose that more resources be allocated to the NSF Undergraduate Curriculum and 
Course Development Program, with special emphasis givea to supporting efforts to 
address problems with entry-level science courses that will serve to cultivate rather than 
discourage student talent Furthermore, recognizing that students of promise come to us 
with different backgrounds and levels of preparations, I propose that many awards of 
various size be given, rather than fewer, more centralized awards. Many institutions have 
the dedication, creative energies and vision necessary. Seed monies provide " In a 
dispersive fashion will provide rich rewards for women and minorities nationwide. 

Point 2. THE CENTRAL ROLE OF ALL FACULTY MEMBERS IN MENTORING 

WOMEN AND MINORITY ST UDENTS IN SCIENCE AND MATHEMATICS 

The development of strong student-faculty relationships is an important component for the 
success of women and minority students. While it is easy to envision how women faculty 
or minority faculty members can, and do, provide significant role models for women and 
minority students, it is important that all science and mathematics faculty be sensitized to 
the part they must play in the success of all students. This must happen on all campuses . 
Male, majority faculty automatically provide role models instrumental to the success of 
male, majority students, These faculty must learn to do so consistently and effectively with 
women and minority students. They must learn to look at women and minority students 
when they give lectures, they must call upon these students and expect the students to 
answer questions, and they must let them know of such expectations. Confidence and 
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expectations must be transmitted to all students. Faculty must work to discarc' beliefs that 
minority students cannot do science, because this attitude cannot be hidden frcm the 
students and therefore will be fulfilled. 

Male, majority faculty must be willing to serve as mentors and must not expect the few 
women and minority faculty at an institution to take care of all women and minority 
students. Majority faculty too can be effective role models. If White faculty at Historically 
Black Colleges and Universities and male faculty at women's colleges can serve as role 
models for Afro-American and women students, White male faculty at majority institutions 
can do the same. 

A student who has the good fortune to be a member of a science learning, community or a 
partner in a research collaboration is learning more science and has a significantly 
enhanced chance for a successful scientific career. College faculty must recognize that 
they are the bridges to the future for their students and that they are pivotal to the success 
of the learning community. Faculty must help women and minority students see 
themselves as part of the community of science. That means that faculty must be able to 
recognize themselves as an integral component of that community and then help students 
to develop her or his own individual understanding of the nature of the community by 
understanding the faculty members vision of the community. Science departments must 
foster the same kind of natural science communities for women and minority students as 
they do for majority students. Only in this way will we increase the numbers of women 
and minority students who gravitate towards and remain in science. 
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Creative activity must be fostered in teaching and learning, as it is in basic disciplinary 
research, 

RECOMMENDATION 

I propose that the NSF Undergraduate Faculty Enhancement Program be provided with a 
significant increase in funding, and that these funds be made available for the support of 
faculty in developing activities and modes of teaching that will lead to enhanced 
community for all students, and especially for women and minority students, revitalized 
teaching, and innovative curricular design. For example, by providing opportunities for 
White, male undergraduate faculty to work with women or minority teacher/scholar 
colleagues at other undergraduate institutions for the purpose of synergizing and 
revitalizing teaching efforts, the NSF will foster ingenuity and transfer creative energies 
throughout our nation. 

EfliHL2* THE IMPOR TANCE OF COMMITMENTS BY CO-EDUCATIONAL AND 
MAJORITY INSTI TUTIONS TO ENHANCE OPPORTUNITIES FOR 
WOMEN AND MINORITY STUDENTS IN SCIENCE AND MATHEMATICS 

As I indicated previously, there is sound and understandable evidence that women's 
colleges and institutions with a significant base of minority students have exceptional 
records in attracting and training women and minority students and recruiting them into 
careers in science and mathematics. There is also a growing wealth of evidence that many 
co-educationai and majority institutions also have a significant record in attracting, and 
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sustaining, women and minority students in science and mathematics. Those institutions in 
this latter category that have proven most successful include the independent, 
predominantly undergraduate colleges that already are major players in undergraduate 
science and mathematics education for ail students. Because theirs is a teaching rather 
than a research-driven mission, these institutions are constituted in ways that enhance the 
approach to science and mathematics teaching and learning that works well for all 
students. What works is community based learning, a commitment to meeting each 
student's needs on an individual basis, and a faculty dedicated to student learning. 
While this kind of teaching and learning is in some ways more expensive than other less 
effective modes of instruction, insufficient commitmen t is generally a greater barrier to 
success than inadequate resources . 

There are many aver»;es through which all institutions can reach out to the needs of 
women and minority students. They include: building an attractive and hands-on 
curriculum; providing multiple entry points into that curriculum for students; promoting 
and nurturing group learning among students; expecting , recognizing and rewarding faculty 
for teaching accomplishments in addition to scholarly accomplishments; working with all 
faculty to enhance their awareness of needs of women and minority students and providing 
a support structure for faculty and students alike: and helping all faculty to become role 
models who encourage all students, including women and minority students, to see the 
wealth of opportunities before them as they pursue their interests in science and 
mathematics. 
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Co-educational and majority institutions must also seek creative partnership opportunities 
to enhance their ability to succeed with women and minority students. Creating and 
sustaining partnerships not only extends the reach of individual institutions, but also gives 
participants a sense of being part of a larger vision, of being a piece of the solution to a 
national problem. Partnerships help sustain attention on issues which require long-term 
effort; they motivate faculty and administrators to effective action; and they create wider 
recognition and reinforcement of local successes. 

Our experience at Hope College, a liberal arts institution of 2700 students, exemplifies the 
importance of partnerships in building enhanced educational opportunities in science for 
women and minority students. Let me give you three examples. 

Hope College has entered into a partnership with the University of Michigan Medical 
School in which we jointly provide financial sponsorship for minority students for 
undergraduate studies at Hope College, for summer research at Hope College and the 
University of Michigan Medical School, and for guaranteed admission and scholarship for 
graduate study in the biological sciences at the University of Michigan Medical School 
following receipt of the Hope College degree. 

A second example involves partnerships that improve student interest in science at the 
elementary school level. Our Partners in Science Program, funded through a generous 
grant by the Kellogg Foundation and supplementally supported financially by Hope 
College and the three local school districts, allows in-service elementary school teachers to 
work side-by-side Hope College students who envision a career in teaching. The teachers 
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and students take classes together, do joint hands-on work in laboratories and together 
bring hands-on laboratory modules back into the elementary classrpom for the students. 
Included in this program are special Saturday and evening sessions for young girls or for 
minority students and their families that emphasize opportunities in science and encourage 
these students to pursue careers in science and mathematics. 

Lastly, along with nine other liberal arts institutions (Beloit College, Carelton College, 
Grinnell College, Kalamazoo College, Knox College, Macalester College, St. Olaf College, 
Rhodes College, Trinity University) and two distinguished private universities (The 
University of Chicago, Washington University-St. Louis), we are members of the Pew Mid- 
States Consortium for Science and Mathematics. Collectively, and with significant funding 
from the Pew Foundation, we have developed programs that enhance curricular 
development as well as research opportunities for students and faculty, and provide an 
expanded base of learning opportunity and faculty mentorslup and vitality for our women 
and minority student constituencies. 

These are but three examples of partnership efforts that have significantly strengthened 
educational opportunities at Hope College for women and minority students while 
simultaneously helping all students to enrich their vision of careers in science and 
mathematics. They are also examples of creative opportunities available to all institutions 
serious about developing synergistic approaches to catalyze the teaching of women and 
minority students. 



18 



152 



149 



Support for partnerships should be a high priority for public and private funding sources 
for science and mathematics education. In fact, the public and private funding sources 
must participate as partners with one another as well as with academic institutions to 
provide the necessary resources to support the united vision of different institutions. 

RECOMMENDATION 

I propose that the NSF and other federal agencies look towards establishing programs 
that will serve to foster partnerships between institutions of different types. For example, 
partnerships between co-educational and women's colleges, or partnerships between 
majority institutions and predominantly minority institutions can become keys in 
establishing mechanisms for enriching educational avenues for all students, and 
particularly for women and minority students. 

Lastly, I urge that appropriate oversight continue to be strengthened and provided so that 
different Federal agencies, and different arms within individual agencies, are not in direct 
competition with one another and are coordinated in a fashion that allows synergism of 
effort rather than a fragmentation of venture. 
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SUMMARY 

Among the many lessons learned from the Project Kaleidoscope endeavor is that faculty 
and administrators alike are eager to be involved in national efforts to reform 
undergraduate science and mathematics education. These same individuals are equally 
eager to develop and sustain programs that will foster science career opportunities for 
women and minority students on their campuses. The road is hard, but the will is there. 
Along with my colleagues at predominantly undergraduate institutions, I look forward with 
enthusiasm to sharing our vision about ,r What Works" for women and minority students on 
traditional co-educational and majority campuses with the NSF and other federal agencies 
and to forming partnerships that will allow us to develop that vision to its fullest potential. 
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Mr. Nagle. If I were a cynic, and I am not, I would take the tes- 
timony of all of you collectively, which was well done and which 
was well prepared — it was a pleasure to have the last two panels in 
here that have obviously not only written their own thoughts but 
brought other scientific thought and data to us, it's very valuable 
and I'm sincere in that. 

But it sounds to me like I should go back to the University of 
Iowa, which I also represent, or Stanford, and tell them to quit 
trying to do undergraduate teaching, and focus all of our resources 
on small colleges, minority based, perhaps, because the success sto- 
ries told by Dr. Stokes and Dr. Cole are quite good. 

Are we at a point where the larger universities really should just 
butt out of this effort? I gather we are getting a lot more success at 
your level than we are at the University of Iowa. And I'm not 
saying anything I haven't told the University of Iowa. They're not 
going to be in the district next year, either. [Laughter.] 

I mean, I'm for courage, but not suicide. 

Dr. Cole. If I could respond to this one, Congressman, no, that is 
not what we're saying, not from my point of view. We are not talk- 
ing about either/or. We are not talking about taking from or dis- 
couraging the research universities from continuing what they are 
doing with research and also teaching. 

What we are saying to you is that there is a serious problem in 
this country with the production of scientists and engineers in gen- 
eral, and minorities and women, especially so. The problem is of 
such major proportions that if we are going to be able to begin to 
turn that around to address it, we have to give additional resources 
where the track record and commitment has been greatest. 

Mr. Nagle. The thrust of your testimony, I think all of you col- 
lectively, the thrust of your testimony is that those resources, while 
they should be small programs and they should be diverse — I un- 
derstand that and don't disagree with it — they also should be fo- 
cused predominantly at small universities and smaller institutions, 
minority institutions and women's colleges, since that's probably 
where we are going to have the greatest success. 

Dr. Cole. Those resources — in terms of those outcomes. The grad- 
uate education in this country is the best in the world. One of the 
reasons is that there are some good things that are done at the 
Federal agencies in terms of how they dispense research funds. So 
we are not talking about changing that, especially. 

What we are saying is that we also have another kind of problem 
that we need to make sure agencies target resources where they 
will have the greatest chance of success. If there are institutions 
that historically know how to approach this particular problem, 
then resources ought to be directed there to focus on this particular 
problem. 

Mr. Nagle. Dr. Stokes? 

Dr. Stokes. I would like to continue with that line, in that I 
think we are all saying the same thing. There are roles for both 
large and small institutions. A common line between the Project 
Kaleidoscope report and the report that was issued through the Or- 
ganization of Life Science — the coalition — was the absence of link- 
ages of information and potential between large and small and the 
role professional societies can play. 
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I will give you an example. For example, the ASM has over 
38,000 members. Through our program, the minority focus pro- 
gram, funded by the NIH, our MSSCSP program, we are able to 
take applications from minority individuals at both large and small 
institutions and give those individuals, these undergraduate stu- 
dents, exposure to science, to research atmospheres, in an environ- 
ment which they themselves would not have an opportunity to 
take part in. 

It is that sort of potential of the professional societies that I 
would like to stress which we as professional societies can bridge 
between large and small institutions. It is quite clear that teaching 
is the main focus at the small institutions. 

Teaching is becoming a major focus, an increased focus, at the 
larger institutions. Part of our report was the emphasis that 
reward for teaching should be equivalent to, or given greater re- 
spect, in terms of promotion, at large institutions as it is at smaller 
institutions. 

I think those are the responsibilities the institutions themselves 
have to tackle. However, the function of professional societies is to 
somehow bring the resources of the small ones and large ones so 
we can work best with what we have. 

Mr. Nagle. I have the feeling, and I haven't seen the data done 
on it, I have seen data that indicates that we wash out, change 
majors, would-be scientists and mathematicians at a higher rate 
than any other major that walks into a four-year institution. That 
I know, I have seen the data on it. 

But I suspect that if I went to the larger research institutions 
that are attempting to do undergraduate work, the reason those 
statistics are so high is because the wash-out rate at those larger 
institutions is so great, and I am almost tempted to tell anyone 
who wants to be a scientist or mathematician they should go to 
Grinnell, go to Luther, or to Hope, rather than elsewhere. 

I still worry about that woman student or Black student or His- 
panic student in the back row in a class of 500, being taught by a 
graduate assistant. Some of the testimony you gave — I recognize 
you are the ones best suited to solve the problem. Is there anything 
we can do on the other half of this, anything we can have larger 
institutions do differently than what they are doing? 

Dr. Gentile. I'll take a stab at that. I think one of the issues 
is 

Mr. Nagle. Because the students are still going to go there. 

Dr. Gentile. Right. And unless we change something at those 
very large research institutions that have huge numbers of stu- 
dents— the University of Michigan has well over 40,000 — we really 
are not going to make a significant dent overall in the population 
nationally. But I think what we must do is work within the change 
of philosophy of undergraduate education that seems to be preva- 
lent at a lot of those institutions. 

There is a lot that perhaps some of the liberal arts institutions 
and the predominantly minority institutions and the women's col- 
leges can teach one another as well as teach those institutions 
about what works. Partnerships can be established. I gave two ex- 
amples of how we are involved with partnerships with three differ- 
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ent research institutions, one of them a state school and two of 
them private. 

There are programs that work. There are things we can teach 
them about what works if they have the commitment to learn and 
the commitment to change. And I think that is where resources 
could be put into those institutions, once they have that commit- 
ment to work for change. 

But just putting resources into the old tried and true methods of 
education that have proven remarkably unsuccessful to this point 
in time for women and minority students really is not the best way 
to go. 

Dr. O'Brien. I would just second that, and say that I think there 
has been a tendency to think in education that all of us could do 
everything well. An institution like Hollins College that has a fully 
female undergraduate student body does not have a large minority 
population. At this point I would not encourage Hollins to be look- 
ing for funding for minority activities. It doesn't do that well. 

What it does well is women's education. And it is to reward those 
endeavors that makes the most sense, to put the efforts into fund- 
ing programs that have been shown, emphatically, statistically, to 
work for us. I don't think that necessarily suggests that other insti- 
tutions cannot develop their own programs. 

Mr. Nagle. I met with a group of scientists at the University of 
Iowa. The phrase now is "dead at 30." That means if you are scien- 
tists, you have a Ph.D. and if you don't get a grant by the time you 
are 30 years old you are academically dead. 

I met with the head of the neurology department here a few 
weeks ago, and there is an inordinate amount of time spent chas- 
ing research dollars, and it almost seems to preclude the resources 
to do undergraduate education under the current system. It is 
almost like you have to be teaching or you have to be in research 
and purport to be teaching, because it looks good on your curricu- 
lum. But you are not really getting it. 

Is there a way out of the problem, or is my perception in error? 

Dr. O'Brien. My sense from being an undergraduate researcher 
and teacher for 12 years is that I was working 80 to 90 hours a 
week trying to do all of those things. And you tack on the issue of 
mentoring, which is very important for women students. The job 
almost becomes undoable. 

I think there needs to be a message that first of all those types of 
activities that include the breadth that liberal institutions have are 
very well appreciated. Dr. Light, in the previous testimony, was 
talking about reward systems. You need to have incenti ves built in 
for young faculty in particular. 

You talked about the age 30 problem. There is also what I would 
call the age 40 problem which is that if one does not retrain into 
the more modern techniques in some of these fields you are out 
also. 

So it is something to appreciate, it is a burdensome profession to 
go into, and again as Dr. Light said, it has been the Calvinist socie- 
ty ethic that has gotten us through this. Those of us that go into it 
do have work ethics that are pretty extensive. If the reward is 
there, I think it's a very valuable profession. 
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Dr. Gentile. I would like to echo absolutely all those remarks 
and point out something. It doesn't become a very good thing to en- 
courage young students, when you talk about being dead at 30, 
they say they want to go into science and we talk about the possi- 
bility of not having a career at age 30 or 35 or 40. 

I don't want to change the mission of research institutions. I 
think they have a fine mission and they should continue that mis- 
sion, and they should work it well. But when we get to the point 
that NSF panels and NIH panels become surrogate tenure and pro- 
motion committees for our academic institutions, I think we have a 
very difficult time ahead of us. 

And we are not offering a very promising career to young stu- 
dents, whether they be women, Black, Hispanic, or White, as they 
want to seek an academic career in science and go on to become a 
professional scientist. 

So I think what we are really looking at is perhaps an overall 
understanding of what it means to be an academic institution and 
each institution is going to have to look very seriously at their mis- 
sion and perhaps redefine that mission in some cases. 

Mr. Nagle. Just as an aside, totally as an aside, because I don't 
want to get into it, but you dare not attack the peer process. Every- 
one is in favor of the peer process. So I think at some point I would 
like to explore whether or not the way we are implementing the 
peer process, particularly on research grants, is necessaiily as pro- 
ductive as it should be. 

I think people burn up more time filling out forms and evaluat- 
ing other people's projects than they are — but you can't even say 
that, because it implies that you are against the peer process. But 
that was an aside. 

Let me ask you this. Where do the teachers come from? Where 
are the teachers going to come from? We are talking about scien- 
tists and mathematicians going into industry and everything else. 
It seems to me there is also a shortage in terms of undergraduate 
faculty. 

Has there been any discussion in your circle in terms of that? 
Who is going to teach the women students, assuming we do a good 
job? Who is going to teach the students period? Is there effort of 
conversation or direction within your circles in terms of that? 

Dr. Cole. No, that's precisely why we are talking about focusing 
resources and additional energies on producing more, in this case, 
minorities, who do go through the system and obtain Ph.D.s so they 
can be part of those who are replacing the World War II babies 
who are going to be retiring soon. 

We talk about not having enough scientists and engineers in the 
work force, our faculties are also in 10 years going to be in serious 
need of replacements, because of people who will be retiring soon. 
So if we are not addressing those issues right now in terms of pro- 
ducing more, we will be having increased difficulties in finding 
qualified faculty who will teach minorities and women and who 
also will fuel the economy that is required for our technical work 
force. 

Mr. Nagle. Anybody else? 

Dr. Stokes. That's a very difficult problem in terms of science 
education, who will be the teachers. Unfortunately, at the larger 
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institutions, it is the faculty that teach and one of the primary cri- 
teria is their potential to draw research funds and to gain profes- 
sional recognition in the scientific community. The criteria for 
using teaching or the ability to teach as a primary factor for the 
hiring of new faculty does not take a high priority in the selection 
of faculties at the larger institutions. 

I am certain some of my colleagues at GW and other larger 
schools would say that many of the junior faculty are quite ade- 
quate and capable at being instructors, but it is quite clear too that 
many of us who have come through the Ph.D. system realize that 
other than those who have majored in education, we are not pri- 
marily trained as educators, but trained as researchers. You ac- 
quire the ability to teach by trial and error, or through the years 
in a faculty position. 

Mr. Nagle. Let me ask a question, my rule is when I don't know, 
I ask. It's a bad question and I apologize. You mentioned, Dr. Cole, 
about people who were going to become Ph.D.s. Is it necessary that 
our faculty be Ph.D.s in order to teach undergraduate science? Do 
you have to have a doctorate? 

Dr. Cole. It is preferable. It is not necessary. Some of the finest 
teachers I have ever had have been people who did not have 
Ph.D.s. But we are talking about a level of experience that goes 
beyond just the ability to communicate facts and figures. We talk 
about the importance of the discipline that is traditionally involved 
in the training of scientists and engineers, and that that has to be 
passed on to the next generation and be improved upon. 

So it is an important part of the basic training we expect to have 
at the undergraduate and graduate" levels. 

Now, it's a whole different question when you talk about high 
school. Because the problem is very serious there, across the board, 
not just in science and engineering. But we are not producing 
enough minority teachers for the public school system as well. And 
that's another function of the undergraduate experience. 

Mr. Nagle. But is the focus of the curriculum, once you start 
down the science or math major path, that you are automatically 
going to be expected to pursue a Ph.D.? Are we setting out a seven- 
year road or a ten-year road? I like Ph.D.s, I have nothing against 
Ph.D.s. Some of my best friends are Ph.D.s. [Laughter.] 

But I would like a few more M.As. walking around, too. 

Dr. O'Brien. It is certainly not an expectation at the two liberal 
arts institutions I have been at. I think the primary purpose is edu- 
cating in the sciences for the defined career goal that an individual 
has. One of the interesting things about obtaining a Ph.D., as I'm 
sure everybody would agree, once you get there you realize, "Gee, 
is this it? r ' 

It is not the degree that gives the brains or the creativity. It is 
the process you have been through, the means to the end. It cre- 
ates the understanding of science. 

I believe it was Mike Doyle who mentioned earlier the failure in 
science. It is critical to understand what it means to fail, and per- 
haps fail over a period of months or years to really understand 
what scientific research is, which is the nuts and bolts of what we 
understand to be taught in a classroom as science fact. 
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So in the sciences, I would say for the undergraduate level, a 
Ph.D. is very preferable because of understanding the process of 
creativity. 

Dr. Stokes. Another point, Congressman, is that at least in the 
large institutions, and probably in the small institutions, a com- 
ment was made earlier that students at the undergraduate level 
decide in terms of their careers. In actuality, the decision is made 
prior to their undergraduate years. We are talking about high 
school and elementary education level. 

Students who lack the basic preparation are almost earmarked 
to go into programs or curricula at the undergraduate level which 
divert them from scientific careers. Those who lack the experience 
in science and math at the high school level and junior high 
schools are almost automatically self-selected out of science, even 
people who have the potential. 

So the National Science Foundation and others should really 
take a hard look at not only undergraduate but prior to that, the 
elementary level, especially in terms of women and minorities. 

Mr. Nagle. The statistical dropout, students who express interest 
by the eighth grade, is just staggering. I want to take one other 
track for the record, because Mr. Wolpe and I want to know, be- 
cause I have raised these questions before, but a major problem 
with minority colleges and univei*sities seems to be financial. 

A witness on the first panel suggested that a matching funds re- 
quirement for the Instrumentation and Laboratory Improvement 
program be decreased from 50 percent to 35 percent. Do you have a 
response or reaction to that? Is that a direction we should consid- 
er? 

Dr. Gentile. I would like to make one comment on that. I think 
that would be fine, as long as that program were increased in fund- 
ing so that we didn't actually wind up spending more NSF funds 
on fewer grants. 

Dr. Cole. Yes. 

Mr. Nagle. I'm not a rocket scientist, but I figured that one out. 
[Laughter.] 

Dr. Gentile. I thought it would be good to get it down some- 
where on paper, though. 

But I think in general that could be very beneficial to institu- 
tions in providing creativity. Right now it is very difficult to tell a 
young dynamic faculty member that we can't support a $100,000 
match for an NSF grant, that we will have to wait a couple of 
years. That's really throwing cold water on someone, and it is very 
discouraging. So with that caveat, I think it would be a good ap- 
proach. 

Mr. Nagle. Dr. Cole? Dr. Stokes? Dr. O'Brien? 

Dr. Cole. I would agree. Any movement in that direction certain- 
ly would be an incentive and would be of assistance to institutions. 
But let me just say that the notion of the matching fund require- 
ment is a good principle. Because it does help leverage Federal dol- 
lars with non-Federal dollars, and I think that's a good practice. 
We have been able to take advantage of it, 

Mr. Nagle. I would almost go further, though, I would almost 
have an offset on some of that, maybe 50 percent. I don't know if I 
wouldn't develop the criteria of cashworthiness of the institutions 
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as to who has to do 50 percent or the 35 percent. I could get a little 
bit around the funding problem in that regard. I think we did that 
on a couple of undergraduate programs. But the other reactions to 
it— Dr. Stokes, Dr. O'Brien? 

Dr. O'Brien. Certainly the requirement for matching funds se- 
lects against those institutions that do not have the ability to fund 
it through an operating budget. And I think for that reason I 
would favor decreasing from 50 percent to 35 percent. Again, I am 
concerned that the overall budget be increased to offset that. 

Dr. Stokes. I would agree. 

Mr. Nagle. Well, we're safe, he's back. Let me turn it back over 
to the chairman. I have enjoyed your testimony very much. But I 
have to tell you, I leave it disturbed. Because the thrust of what 
you are saying is, let's put the money where the ones that are 
doing the job are getting it done. And I agree with that. 

But it is a bit disconcerting when you realize that in essence, we 
are looking at our larger universities and seeing that they are not 
doing the job. We don't really have an idea of how to get them to 
do the job under the current system. That is not your fault, but 
that is a disturbing trend. 

Mr. Wolpe. Thank you very much, Mr. Nagle, for taking the 
chair. I'm terribly sorry I had to absent myself. I have of course 
read all the written testimony. This is excellent, and it is disturb- 
ing. But the good news is, of course, as was indicated by Dr. Cole, 
we know what needs to be done. The issue is trying to make it 
happen at this point, and putting the kinds of resources behind 
programs that do work at this juncture. 

I understand you went through the questions that we as a com- 
mittee wanted to be certain got asked for our record. I will not ask 
additional questions at this point. I do want to express my appre- 
ciation to all of you for your very important contributions. Thank 
you. 

Mr. Nagle. Thank you. 

Mr. Wolpe. I should alert people that we may have a vote short- 
ly, but I want to at least get started with our third panel. I would 
like to invite Dr. Williams and Dr. Chubin to come to the witness 
table. 

On our final panel, the first witness to testify will be Dr. Daryl 
Chubin, Senior Analyst and project Director for the Office of Tech- 
nology Assessment's Division of Science Education and Transporta- 
tion. 

Dr. Chubin was project director for the well-respected 1988 OTA 
report entitled "Educating Scientists and Engineers from Grade 
School to Grad School." We have asked Dr. Chubin to compare the 
findings and recommendations of the Project Kaleidoscope report 
to those of the 1988 OTA report. We look forward to his analysis. 

Our last witness in this hearing today will be Dr. Luther Wil- 
liams. Dr. Williams is the Assistant Director of Education and 
Human Resources of the National Science Foundation. All the un- 
dergraduate programs at NSF that we have discussed today fall 
under Dr. Williams' purview. I am most interested in learning of 
NSF's reactions to the recommendations of Project Kaleidoscope 
and to the witnesses' comments that were made earlier today. 
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In addition, we would like to discuss with Dr. Williams the plans 
NSF has for taking concrete steps toward strengthening science 
education at the undergraduate level. 

We will enable both of you to speak for a little more than the 
five-minute allocation, since we have a smaller panel at this stage. 
But again, we will ask you to summarize your remarks and your 
entire written testimony will of course be a part of the committee 
record. 

At this point, I would like to ask if either of you have any objec- 
tion to being sworn in. 
[Witnesses sworn.] 

Mr. Wolpe. Dr. Chubin, would you like to go first? 

TESTIMONY OF DR. DARYL E. CHUBIN, SENIOR ANALYST, 
PROJECT DIRECTOR, SCIENCE EDUCATION AND TRANSPORTA- 
TION, OFFICE OF TECHNOLOGY ASSESSMENT 

Dr. Chubin. Good afternoon. 

Mr. Chairman, three years ago, OTA reported that " * * * liber- 
al arts colleges are unusually productive of future Ph.D. scientists 
and engineers. Predominantly women's colleges and historically 
Black colleges and universities provide role models and supportive 
environments for smaller, more homogeneous populations. Like the 
research Colleges, the value they place on teaching is reflected in 
the educational success and aspirations of their graduates." 

While mathematics, science and engineering must be understood 
as "all one system", the role of undergraduate education in grow- 
ing future research scientists cannot be overestimated. It is a time 
of significant talent loss and requires special attention. To increase 
participation in fields where groups have historically been under- 
represented, policy intervention is required. Therefore, targeting 
certain segments of the student population and devising recruitment 
and retention programs are necessities. 

Forward looking institutions of higher education, the "cultiva- 
tors," recognized this long ago. They also found that what works 
for targeted populations seems to work for everyone. The key is 
converting the institutional leaders, those with traditionally high 
student attrition rates, into cultivators, by adjusting the learning 
environment. 

Project Kaleidoscope is dedicated to mentor and peer support to 
promote educational achievement, in large part because NSF un- 
derstands that human resources are a main business of the Federal 
Government. 

The issue facing Congress, however, is not discovering "what 
works," but rather deciding how to invest scarce dollars in the dis- 
semination and replication of what works. To this end, Congress 
seeks evidence of the effects of NSF programs on the recruitment 
and retention of students in technical majors. 

Let me comment briefly on Project Kaleidoscope and then turn 
to NSF's role. Based solely on OTA's reading of Project Kaleido- 
scope's Volume 1 report, this NSF based project seems to have 
demonstrated what constitutes a supportive college culture. The in- 
stitutions involved point the way to success. How to export this suc- 
cess to other institutions is now a challenge. 
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Project Kaleidoscope concerns a diversity of intervention models 
and shows how key ingredients of undergraduate science teaching 
and learning can take root in different institutional settings. The 
recommendations in Project Kaleidoscope's Volume 1 reflect a 
hearty appetite, including budget increases for NSF's education 
and human resources activities. 

Thus, Project Kaleidoscope's call for an NSF facilities program to 
meet broad needs must reflect its belief in partnerships. Partner- 
ships mean that institutions arrange to share the purchase and use 
of instrumentation and equipment, rather than fund such needs on 
each college campus. At ninimum, a plan for sharing of infrastruc- 
ture by ICO member institutions should be submitted to NSF to 
demonstrate how the partnerships created through Project Kaleido- 
scope would increase the utilization of facilities for instructional 
purposes. 

Project Kaleidoscope is also about perseverance in crafting and 
implementing models to emulate, as well as generating the re- 
sources to sustain such models. Educational institutions need prac- 
tical advice on replicating what works. These institutions are the 
primary audience for Project Kaleidoscope's results. 

While Volume 1 presents a diversity of examples, the Independ- 
ent Colleges Office should now focus on moving beyond descriptions 
of these and other ongoing Project Kaleidoscope experiments. We 
all need to know the pros and cons of running new programs based 
on new models. 

Useful too in the Project Kaleidoscope volume yet to come would 
be some statistical information, provided at least for participating 
institutions featured in Volume 1, and outcomes relative to the 
four declared initiativ s of Project Kaleidoscope. 

What then should be NSF's role in supporting Project Kaleido- 
scope and similar projects? First, OTA believes that while Federal 
agencies can seed programs and showcase successes, they cannot 
dictate what educational institutions should value and reward. The 
Federal Government can at best be a catalyst in changing faculty 
approaches to pedagogy. 

Second, NSF's research directorates and the research universities 
that form their primary clientele receive by far the largest 
amounts of funding and correspondingly have the largest research 
infrastructures. Unfortunately, these institutions have not readily 
shared resources with smaller schools. Without better cooperation 
among educational institutions in the nurturing of research scien- 
tists, Project Kaleidoscope's vision of ''natural science communi- 
ties" will be difficult to achieve. 

Third, NSF must look at Project Kaleidoscope as well as its other 
programs intended to integrate education and research missions in 
terms of outcomes. This is not simply a matter of accountability. It 
is an opportunity for organizational learning and the transfer of 
those lessons. In an era of the President's and governors' national 
education goals, the FCCSET committee's By The Year 2000 report, 
and the mounting clamor for K-12 standards, assessment and ac- 
countability, NSF should routinely collect and analyze information 
about the performance of programs it supports. This is an overrid- 
ing part of educational oversight. 
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NSF should thus be prepared to respond to inquiries from Con- 
gress and others about changes due to their programs. 

Finally, OTA applauds what NSF and the Education and Human 
Resources Directorate is seeking to accomplish in undergraduate 
science education. In closing, OTA would ask, is the Project Kalei- 
doscope model an NSF educational priority? Where does it fit along 
the panoply of education and human resources programs? 

What would NSF suggest is the most constructive role Congress 
can play, aside — I emphasize the word aside — from the provision of 
more funds? And how would the fiscal year 1993 budget requests 
for instructional laboratory equipment and for course and curricu- 
lum development recommended by Project Kaleidoscope change if 
the total proposed increase for NSF were to be one half, or for that 
matter, twice that proposed for fiscal year 1992? 

To put it another way, are these items such high priorities that 
they should be insulated from the vagaries of the budget? 

Thank you, Mr. Chairman. 

[The prepared statement of Dr. Chubin follows:] 
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Three years ago in testimony before this Committee on the then -new OTA report, Educating 

Scientists end Engln—n: Grade School to Grad School, we rated that. 

. . . liberal arts colleges ... are unusually productive of future Ph.D. scientists and engineers. 
Predominancy women's colleges and historically Black colleges and universities provide role 
models and supportive environments for smaller, more homogeneous populations. Like the 
research colleges, the value they place on teaching is reflected In the educational success 
and aspirations of th<* graduates. 1 [See exhibit 1.] 

if anything, the role of these undergraduate institutions has grown as contributors to the 
Nation's science and engineering work force. And the conclusions of OTA's 1988 analyst of 
"productive environments" (exhibit 2) remain valid today. While mathematics, science, and 
engineering education must be understood es "ail one aystem," the rofe of undergraduate 
education in growing future research scientists cannot be overemphasized. Congress's current 
emphasis on the K-1 2 segment of the system tends to subordinate the college years as a critical 
transition, but It Is a time of significant talent loss and requires special interventions. (For some 
students It Is the first chance to experience sclence-as-process, "hands on" with a caring, often- 
Inspiring faculty role model.) OTA's policy options - then as now - highlight attention to three vital 
areas for renewal and reform of the system: recruitment, retention, and the role of the Federal 
Government (exhibit 3). 

The Federal Role 

The National Science Foundation (NSF) has been the fount of Federal leadership in science 
education. Long before today's focus on the Independent Colleges Office (ICO) and Project 
Kaleidoscope (PKAL), or on the 1966 NeaJ Report, 2 NSF was a catalyst in spearheading a variety of 



1 U.S. Congress, Office of Technology Assessment, Educating Scientists and Engineers: 
Grade School to Grad School, OTA-SCT-377 {Washington, DC: U.S. Government Printing Office. 
June 1868), pp. 57-68. 

2 National Science Board, Task Committee on Undergraduate Science and Engineering 
Education, Undergraduate Sc/ence, Mathematics and Engineering Education, NSB 86-100 
(Washington, DC: National Science Foundation. March 1966). 
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Innovative program* targeted to undergraduate*. 3 The Issue facing Congress Is not discovering "what 
works," but rather deciding now to invest scarce doiiars In the dissemination and replication of what 
wonts. To this end. Congress seeks evidence of the effects of NSF programs on the recruitment and 
retention of students In technical majors. NSF, which Is asked to be ail things to ail scientists and to 
fulfil every mission related to mathematics, science, and engineering education and research, could 
surely do more with more resources. (No one knows this better than this Committee.) The question Is 
how much to direct to what kinds of Institutions and groups of students. The Education and Human 
Resources (EHR) Directorate shoukJ be able to guide Congress whenever questions about resources 
for a particular mission or program or project arise. 

In the recent report, Federally Funded Research: Decisions for a Decade, OTA revisits the 
changing demographics of the student population, and examines the institutional underpinnings of 
recruitment and retention. 4 Indeed, OTA suggests that, In addition to scientific merit a primary 
criterion for Federal Investment In research should be . . strengthening education and human 
resources, e.g., Increasing the number and diversity of participants. . ." In science and engineering 
careers. 9 

Years ago the National Science Board established as one of four criteria for the funding of 
research projects by NSF ". . . the effect of the research on the Infrastructure of science and 
engineering ... to contribute to better understanding or improvement of the quality, distribution, or 
effectiveness of the Nation's scientific and engineering research, education, and manpower base -6 



3 For a full discussion, see U.S. Congress, Office of Technology Assessment, Higher Education 
for Science and Engineering, OTA-BP-SET-52 (Washington, DC: March 1989), ch. 2, especially table 
2-12- 

4 OTA writes: "Concerns about the demographics of Ph.D. recipients could also be addressed. 
Laws that prohibit discrimination, such as Title VI of the CfvB Rights Act of 1964 and Title IX of the 
Education Amendments of 1972, Justify support to groups defined by the ascribed characteristics of 
race/ethnlcity and sex, respectively. The 1980 reauthorization of the National Science Foundation 
also created the Science and Technology Equal Opportunities Act (Public Law 96-516).' See U.S. 
Congress, Office of Technology Assessment Federally Funded Research: Decisions for a Decade. 
OTA-SET-490 (Washington, DC: U.S. Government Printing Office, May 1991), pp. 216-217. 

5 Ibid., p. 16. 

8 National Science Foundation. Granfs for Research and Education in Science and 
Engineering: An Application Guide, NSF 90-77 (Washington, DC: August 1990), pp. 8-9. 
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(exhibit 4). Today, defeats over reauthorization of the Higher Education Ad reminds us again that 
legislation directs the research agencies to enhance the participation of minorities, women, and the 
physically disabled In science (for a review of landmark legislation, see exhibit 5). 7 

To Increase the participation of tht.se groups In fields where they havo historically been 
undarrepresented, policy Intervention Is required. Therefore, targeting certain segments of ths 
student population snd devising recruHmsnt end retention programs sre necessltlss. Forward- 
looking "cultivator" Institutions work to help students develop as needed to stay In school and do well. 
They also found that what works for targeted populations, in the words of AAAS's Dr. Shirley MaJcom. 
\ . . seems to work for everyone." The key is converting the institutional "weeders" - unhmrsitles with 
traditionally high rates of student attrition - into cultivators. This begins by adjusting the learning 
environment - providing mentor and peer support - to curb student attrition and promote educational 
achievement Project Kaleidoscope Is dedicated to these adjustments In large part because NSF 
understands that human resources are a main business of the Federal Government 9 



broking Ahead: Questions for NSF 

NSF must look at PKAL, as wetl as its other programs intended to Integrate education and 
research missions, In terms of outcomes. What is the svkisncs - snd ths most compelling 
measures - of program success? How sre outcomes (ss weU ss process) sva lusted, especially 
by co-sponsoring orysnfzatlons? This is not simply s msttsr of sccountsbility; it Is sn 
opportunity for organizational learning snd the transfer of those lessons. 



7 For example, It was noted at a recent hearing before the House Subcommittee on 
Postsecondary Education that the Federal Government spends more on 'early Intervention' 
techniques to encourago 'at-risk" students to graduate from high school and continue their educations 
In college. Lacking Information on admissions and financial aid, as well as psychological and 
emotional support at home and school, many disadvantaged and minority students entertain no such 
prospects. See "Colleges Call for More Federal Spending on 'At Risk* Students,' 77m Chronicle of 
High* Education. May 22, 1991, p. A21. 

• Every research program at NSF - not Just the activities In the Education and Human 
Resources Directorate - now Impacts on human resources for science and engineering. This Is 
dearly reflected In the proliferation of 'set aside' programs at NSF; such programs categorically define 
the eligible pool of competitors for research funding, e.g., by professional age. gender, race and 
ethnicity, or geography. See U.S. Congress, Office of Technology Assessment, Federally Funded 
Reaeexh. opxlt, footnote 4. especially ch. 7. 
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A. Gauging outcomes requires benchmark! of progress toward stated goafs. The Howard 
Hughea Medical Institute, for example, Is currently constructing measures of their educational 
programs' Impacts. As encouraged as OTA may be about the soundness of the PKAL approach, how 
do educators and policymakers - ano* NSf - know that this project is making a difference? In an era 
of the President's and Governors' national education goals, the Office of Science and Technology 
Policy's Federal Coordinating Council for Science, Engineering, and Technology (FCCSET) 
Committee's By the Year 2000 report, and the mounting clamor for standards, assessment, and 
accountability at grades 4, 8, and 12, NSF should routinely coBect and analyze Information about the 
performance of programs it supports. NSF program managers shook* know what k hapnanfng on a 
real-time basis, and be able to Inform Congress. This Is a fundamental aspect of educational 
oversight 

B. NSF, and particularly the EHR Directorate, should aJso be prepared to respond - often 
and with candor - about changes due to their programs. How these changes are demonstrated or 
measured, e.g., In studer.t choice, persistence, or performance, or in faculty course offerings and 
institutional rewards, is for NSF to decide and Congress to monitor. 

Project Kaleidoscope 

Based solely cn the reading of Project Kaleidoscope's Volume I report, this NSF-based 
project seems to have demonstrated what constitutes a rewarding college culture. The institutions 
Involved In PKAL projects point the way to success In those efforts. How to export this success to 
other Institutions is now a primary challenge. Project Kaleidoscope concerns a diversity of 
intervention models and shows how key ingredients of undergraduate science teaching and learning 
can take root In different institutional settings. What are the ingredients and PKAL's current and 
planned use of them? 
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A. Partnership* - a sharing of faculty and infrastructure - ar a a cornerstone of PKAL 
Partnership* mean that institutions arrange to ahara tha purchasa and use of Instrumentation and 
equipment, or tha constriction of raaaarch facWles, rather than fund auch naada on aacn college 
campus. Partnerships mean finding a way to comblna pnvmte and nonprofit support to underwrite the 
Infrastructure needs of clustered Institutions. Cooperative research and teaching In science today 
must become Her-lnatJtutloneJ. This, OTA believes. Is a hard reality of research and higher education 
in the 1990s. 

Another reality is that NSPs research directorate* and the research universities that form their 
primary clientele receive by far the largest amounts of funding and, correspondingly, have the largest 
research Infrastructures. Unfortunately, these Institutions have not readily shared resources with 
smaller schools. Without better cooperation and a mora nearly seamless web of relations among 
educational Institutions In the nurturance of research scientists, the Project Kaleidoscope vision of 
"natural science communities" wfll be difficult to achieve. 

B. The recommendations in PKAL's Volume I reflect a hearty appetite: budget increases for 
NSF's Education and Human Resources activities, expansion of the Research Experiences for 
Undergraduates program, strengthening of pre- and In-service activities for K-12 teachers, 
opportunities for national and regional ootioquta to discus* what works, and dialogue about a super 
computer highway to link undergraduate math and science faculty to one another and their precoilege 
counterparts. 

The Federal Government has begun to "seed* programs and showcase successes. It 
cannot dictate, however, what educational institutions should value and reward. The Federal 
Government can at best be a catalyst In changing faculty approaches to pedagogy, and this is where 
partnerships and local educational leadership must come into play. 

C. Project Kaleidoscope Is about peraeverenca in crafting and implementing models to 
emulate, as well as generating the resource* to sustain such comrnunWes. Contrast this with research 
reports: we know what works in math and science education, and we know that liberal arts colleges 
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and predominantly undergraduate institution* are the chief venue* for what works best. Educational 
Inatltutlone need practical advice on replicating what works. These Institutions are the primary 
audience for PKAL results, not NSF or Federal policymakers. Volume I presents s diversity of 
examples: geology at Hamilton College, biology at Morehouse and the Atlanta University Center, the 
American Chemical Society's collaborative 'chemistry In context" project, etc. ICO should now focus 
on moving beyond descriptions In reporting the experience of these and other ongoing PKAL 
experiments. 9 We all need to know the practical pros and cons of running real programs based on 
"what works" models. 

What would be most unefuJ In the Projact KafeWoscope volume yet to come is some statistical 
information, provided at least for participating institutions featured In volume I, on outcomes relative to 
the four declared Initiatives of PKAL - reforming course content, supporting the integration of the 
teacher-scholar role, educating K-12 teachers In math and science, and developing partnerships. 
What measures of progress toward these goals sre being used in PKAL and by NSF's Division of 
Undergraduate Science, Engineering, and Mathematics Education? How do these measures relate to 
FCCSET Committee goals that cross aM executive agencies? What is the timetable for achieving the 
declared milestones? 

D. Insofar as the facilities need3 for undergraduate science education envisioned In volume 
I are concerned, OTA believes that policymakers face tough choices in the allocation of scarce 
Federal dollars. These choices are often stark categories of what OTA calls competing 'goods': 
buildings or people, teaching or research, universities or colleges. The tensions In the Federal 
research system poso daunting issues for Congress to debate In the budget process (exhibit 6). 

Thus, PKAL's call for an NSF facilities program to meet broad needs must reflect its belief In 
partnerships. At minimum, a plan for sharing by ICO mambar institutions the facilities 
modernized under any NSF program should be submitted to NSF to demonstrate how the 
partnerships crested through PKAL would Increase the utilization of facilWea for Instructional 



9 For descriptions, sea Project Kaleidoscope, Whet Works: Building Natural Science 
Communities, vol. I (Washington, DC: Independent Colleges Office, 1991). 
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purpoeee. But a largo Federal facilities program could have major short- and long-term 
repercussions on the ava la bitty of research monies and the performance of research In a cad em ta 
(erf** 7). 10 

OTA applauds what NSF and the Education and Human Resources Directorate is seeking to 
eccornplbh in undergraduate science education. Project Kaleidoscope is a promising model of how 
to grow research scientists at a key Juncture of the pipeline, in closing. OTA would ask: 

• Is the PKAL model an NSF educational priority? 

• What would NSF suggest as the most constructive roles that Congress can play, aside 
from the provision of more funds? 

• And how would the recommended fiscal year 1993 budget requests for Instructional 
laboratory equipment and for course and curriculum development change If the total 
proposed increase for NSF were to be one-naff or fw/ce that proposed for fiscal year 
1992? (Or are these such high priorities that they 3hould be Insulated from budget 
vagaries?) 



PKAL e claim that a fadWee program would eliminate "pork barrel decisions' is unfounded. 
NSFe rwrt review process carrot etirntoaie academic eesniej^ These are separate issues united 
only by thee* appearance at different etagee of the annual authorization and appropriations process 
See Office of Technology Assessment, feo^ntiy FunoWAeeee/cft, op. cIL, footnote 4, pp. 87-04. 
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Appendix A 

Alphabetical Listing of Leading 
Undergraduate Sources of Science and 
Engineering Ph.D.s in Two Institutional 

Categories, 1950-75 



The following alphabetical lists are based on an OTA analysis of the colleges and universities granting baccalaure- 
ate degrees to students who went on to earn a Ph.D. in science or engineering. Because Urge degree-gr a nting institu- 
tions would be favored in a ranking based on the absolute number of baccalaureates produced that go on to earn 
Ph.D.* in science and engineering, OTA measured the contributions of baccalauxeace-granting institutions to Ph.D. 
production, controlling for sue of the institution. 1 



The 100 Most Productive Institutions 

This category lists alphabetically the 100 institutions 
of all types with the highest ratios of baccalaureate 
degrees awarded (in all fields) to students who later 
earned science or engineering PhJDj (at any insti- 
tution). 1 

Amherst College/MA 
Antioch College/OH 
Bard College/NY 
Bates Collcgc/ME 
Beloit College/WI 
Berts College/KY 
Blackburn College/IL 
Bowdoin College/ME 
Brandeis University /MA 
Brown University /Rl 
Bryn MawT Couege/PA 
Bucknell University /PA 
California Institute of Technology 
Caxkton CoUege/MN 



of Scxra tnd Engto— ta| PKDo," OTA' cowi qw npon, Mr IW7. Bac* 

mm (or Sttdrta faw UmimW row, ryorxd in Lttrmd Df*m CaJmrmi. Sot 
d In tfck ■Krfr* far bmilMMt 4mx 1W0. 1»M. 
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Carnegie-Mellon Univtrsity/PA 

Case Western Reserve University /OH 

Centre College of Kentucky 

City University of New York 

Clark University/MA 

College of Charieston/SC 

College of Wooster/OH 

Colorado School of Mines 

Columbia University /NY 

Cooper Union/NY 

Cornel] University /NY 

Dartmouth CoUesje/NH 

Davidson CoOege/NC 

Delaware Valley CoUege/PA 

Drew Unrverstty/NJ 

Duke University /NC 

Earlham CoUege/TN 

Eckerd CoUegc/FL 

Franklin and Marshall College/P A 

Grinnell CoUege/lA 

Hamilton College/NY 

Hampshire College/MA 

Harvard University /MA 

Harvey Mudd CoUege/CA 

Haverford CoUege/PA 

Hope College/Ml 

Illinois Benedictine College 

Illinois Inatiture of Technology 

Iowa State University 

The John* Hoplrfm University /MD 

Juniata Coflege/PA 

Kalamaaoo College/Ml 

Kcnyon College/OH 

King CoUege/TN 

Knox Cofleaa^IL 

Lafayette Coilegr/PA 



SOURCE: U.S. Congress, Office of Technology Assessawnt, Educating Scientists 
and Engineers: Grade School to Grad School , OTA-SET- 37 7 (Washington, DC: 
U.S. Government Printing Office, June 1988) . 
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Exhibit 1 (coat.) 



Lawrence University/Wl 
Lebanon Valley Colle^e/PA 
Lehigh Univcrsity/PA 
Macalester Coliege/MN 
Massachusetts Institute of Technology 
Muhlenberg ColJege/PA 

New Mexico Institute of Mining and Technology 
Oberlin College/OH 
Occkknul CoUege/CA 

Philadelphia College of Pharmacy and Scicncc/PA 

Pitzer College/CA 

Polytechnic University/NY 

Pomona CoUege/CA 

Princeton University/NJ 

Radclifie CoUege/MA 

Reed CoUege/OR 

RenMelaer Polytechnic Institute/NY 
Rhodes College/TN 
Rice Univeniry/TX 

South Dakota School of Mining and Technology 
Stanford Univeraty/CA 
State University of New York at Binghamton 
State University of New York, College of 

Environmental Science and F orestry 
State University of New York at Stony Brook 
Stevens Institute of Technology /NJ 
St. Johns College/MD 
Swarthmore College/PA 
Union University/NY 

United Sato Merchant Marine Academy/NY 
United States Military Academy/NY 
University of California at Berkeley 
University of California at Davis 
University of California at Irvine 
University of California at Los Angeles 
University of California at Riverside 
University of California at San Diego 
University of California at Santa Crux 
University of Chicago/TL 
University of Rochester/NY 
University of South Florida, New College 
Vaasax College/NY 
Wabash Coilege/IN 

Webb Institute of Navai Architecture/NY 

Welleslcy College/MA 

Wesley an University/CT 

Whitman CoUege/WA 

Williams College/MA 

Worcester Polytechnic Insritute/MA 

Yale University/CT 

Yeshiva University/NY 



49 Liberal Arts Colleges 

The 50 liberal arts colleges that participated in the Sec- 
ond National Conference on *The Future of Science nt 
Liberal Arts Colleges'* at Oberlin College in June 1986 
defined this list (presented alphabetically).' 

Albion College/Ml 

Alma College/Ml 

Amherst College/MA 

Antioch College/OH 

Bates Cottege/ME 

Beloit CoUege/Wl 

Bowdoin College/ME 

Bryn Mawr CoUege/PA 

Bucknell University /PA 

Carleton Collcge/MN 

Colgate University/NY 

College of the Holy Cross/MA 

College of Woo«ter/OH 

Colorado College 

Davidson College/NC 

Denlaon University/OH 

Depauw » Jniversity/IN 

Earlham College/PA 

Franklin and Marshall CoUege/PA 

Grinnell College/IA 

Hamilton College/NY 

Hampton University/VA 

Harvey Mudd College/CA 

Haverford College/PA 

Hope College/Ml 

Kalamazoo College/Ml 

Kenyon College/OH 

Lafayette CoUege/PA 

Macalester College/MN 

Manhattan College/NY 

Middkbury Coltege/VT 

Mt. Holyoke College/MA 

Oberlin College/OH 

Occidental College/CA 

Ohio Weslevan University 

Pomona College/CA 

Reed CoUege/OR 

Smith College/MA 



*Hamw—c, Barnard Colip't bmh— oom dm not nporad mymtml\ 
fern CoUmb* UrtverwtT. TUm, tht 50 prtvaat Iribtrai ara oo0a*«, >n mitimm 
wfcrw d to m " \m t mch coaaaaa" bacauat of d»* rmyhmk on m iuj ftit m 
and facufcr raaaarck, wart reduced to 49. Tha rarioa of Kkma and m»r**rin< 
PVD j earaad per 100 baccalaurcataa awarded far dim ioaticutkxaj vary from 
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Sc. Oitf Collcgc/MN 
Swuthmorc Colkge/PA 
Trinity College/CT 
Union University/NY 
V*ux College/NY 
WabMh CoUcfeiON 



WdJofey Coflege/MA 
Wcsleywi Univcrttty/CT 
Wheaton Coflege/IL 
Whitman College/WA 
WiUium CoUege/MA 
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EXHIBIT 2 



PRODUCTIVE ENVIRONMENTS— UNDERGRADUATE ORIGINS OF 
SCIENTISTS AND ENGINEERS 



Variety among higher education institutions dis- 
tinguishes the United States from other countries 
and contributes enormously to the education sys- 
tem's success and ability to reach so many students. 
Institutions include vast State universities and col- 
leges (obliged to admit qualified resident high school 
graduates), engineering institutes akin to industrial 



training schools, and research universities of inter- 
national repute. Private liberal arts colleges, histori- 
cally Black institutions, and an array of others com- 
plete the picture. 

Each type of institution serves a different clien- 
tele and has a particular local, State, or national 



SOURCE: U.S. Congress, Office of Technology Assessment, Educating Scientists 
a nd Engi n eers: Grade School to Grad School , OTA-SET-377 (Washington, DC: 
U.S. Government Printing Office, June 1988) . pp. 56-58. 
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Exhibit 2 (cont.) 



context. Community .colleges, predominantly county- 
based, train skilled workers and serve, for a few, as 
stepping stones to full baccalaureate programs. 
Liberal arts colleges are rooted in the classical no- 
tion that exposure to the great books and works in 
all disciplines is the way to instill democracy and 
higher-order chinking in the citizenry. 

Institutions also vary in their relative emphasis 
on teaching and research, and on undergraduate 
and graduate teaching. One group of institutions, 
research universities, specializes in research and grad- 
uate teaching. Another group, a subset of the liberal 
arts colleges, specializes in undergraduate education, 
but does research as well. Some institutions are ori- 
ented primarily or exclusively to certain populations 
such as Blacks or women. Each type of institution, 
with its unique role, contributes to the strength of 
the entire higher education system. 

There is competition among types of institutions 
and within the types themselves. Institutions com- 
pete for Federal and industry research funds, for 
talented students and faculty, and for equipment 
and facilities support. Most science and engineer- 
ing undergraduates are produced by the major re- 
search universities, State institutions, and the pri* 
vate liberal arts colleges. From the point of view of 
the future science and engineering research work 
force, an important measure of the success of the 
education provided by these environments is the 
number of their graduates that go on to earn Ph.D.s 
in science and engineering. 

Graduates who later earn Ph.D>* in science and 
engineering come from a limited number of un- 
dergraduate institutions. Ranked by the absolute 
number of their alumni that later receive Ph.D.* 
in science and engineering, 100 schools supply 40 
percent of all students who receive doctorates. 
Four out of five of these top 100 undergraduate in- 
stitutions are private." Of these institutions, large 



This finding u baaed on in analysis of four beccalaureate cohorts 
dating from academic years 1950-51 to 1965-66. Desjee tout* were ex* 
tracted from the Center far Education Sooarfccs' annual Earned Demjro 
Conferred, and linked to the National Research Council*! Doctorate 
Record* File to c al cul a te Institutional productivity rankinp through 
1979. A 10-year lag from baccalaureate to Ph.D. award ww used to 
create this indicator of inattrurJona] productivity. The methodology 
and varioua ranking* arc contained fn Betty Maxfield, "Persistence in 
Higher Science and Engineering (S/E) Education: S/E Baccalaureate 
to S/E Doctorate Productivity of VS. BaccaUureateCranring [nati* 
tuthm," OTA iumimAm taacrt. Saaetaafcar 19S7. 



degree-granting institutions (the "research univer- 
sities") have the highest output of bachelor's grad- 
uates who go on to earn science and engineering 
Ph.D.s. 

A group of about 50 private liberal arts colleges, 
however, has claimed to be especially productive, 
and accordingly, deserving of funding for research 
equipment and teaching. 19 These "research colleges" 
claim that their traditional small scale, emphasis on 
research experiences for undergraduates, and focus 
on individual students are major contributors to the 
eventual production of Ph.D.s in science and engi- 
neering.' 0 For example, their students are encour- 
aged to work with faculty members on current sci- 
entific research and to become full participants in 
research teams. A subset of this group, such as Bryn 
Mawr, Mt. Holyoke, and Smith, focuses on edu- 
cating women and claims to be particularly produc- 
tive of female scientists. 

By looking at ah estimate of the proportion of each 
institution's baccalaureate graduates in all fields that 
have gone on to gain Ph.D.s in science and engi- 
neering, OTA finds that some liberal arts colleges 
as well as universities that specialize in technical edu- 
cation are unusually productive of future Ph.D. sci- 
entists and engineers, when allowance is made for 
the size of these colleges (see figure 3-6). A large 
proportion of the graduates of these environments 
also subsequently join the research work force." 

"In 1965, these colleges undertook * self-study: David Davi*. Van 
Ana et a)., Educating American Scientist*.- The Role of the Research 
CoOer (Oberlin. OH: Oberlin College. May 1965). A Second National 
Conference on The Future of Science at Liberal Arts Colleges" in 
1966 resulted in another report: Sam C Carrier and David Davos-Van 
Arts, Mainnininf America 'a Scientific Productivity: The Necessity of 
d*UxnlAr*Collera (Oberlin, OH: Oberlin College, March 19871. 
Together, they are known a* the Oberlin Reports. Although the label* 
"research colleges" and "science intensive*" have been applied, they 
are not embraced even by members of the 50 colleges. Also, another 
SO colleges probably share the characteristics of those included in the 
Oberlin Reports (see a pp. A). Thus. OTA's use of the term "research 
colleges" refers to about 100 private liberal arts colleges where, histori- 
cally (and ironically), teaching has been especially valued. 

"A quarter -century ago, liberal arts colleges wt found to be among 
the SO most productive i munitions of higher education. R.H. Knapp 
•nd H.B. Goodrich , The Origin of American Scientists," Science, voL 
133. May 1951. pp. 543-545. This finding was later confirmed by M-E. 
TidbaOandV. Kacakowsky, "Baccalaurrate Origins of American Sci- 
entists and Scholars,'* Science, vol 193. August 1976. pp. 646-652. 

"During the 1970s, when single-sex colleges either merged or began 
admitting suable numbers of students of the opposite sex, 2 percent 
of women baccalaureates from coeducational institutions went on for 
a science or engineering Ph.D. compared to 10 percent of the gradu- 
ates of women's collegia. See ME. Tidball. "Baccalaureate Origins of 
fcwsnassss} on nesr pagrl 
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Hgur* 3-6.— ScUnca/E»Qin««ring Ph.0. Productivity, 
by Typ« of B.S- Infrtttutfon, 1*50-75 

20 I 1 
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(continued from ss wss b a s pmr) 

Recent Natural Science Doctoraw*," Jbum*/ of Higher Education. 
57. No. 6, November/December 1996. PP- 606-620. In the ansJysi* re- 
ported here, total baccalaureate output, not numbers of mala and fe- 
male* Kparady, defined the productivity of rarkucioot Eacrpt (or 
the predominsuidy women's coBraes, OTA ha* not determined which 
institutions sent large numbers of women on for PkJD-i, only die top 
Ph.D. producers for both sete* ajenbmed haw been i d entified . 
(Elixabeth Tidball, personal communfcaricQ, Dec 16, 1967.) Abo note 
that the prtdoeninanOy women's colleges and hiatorkattr Black ccA- 
baa and universitki servr more homogeneous popubrion* thaa other 
types of iiwtioxiona- Nianericai uecajasiajns with coaoVgcqraW, Wsjuy 
white tnsrituoona do not capture this apeoaJ Und of productivity. See. 
for example, MkHael T. Nettles « at, m Ceet ^pmw l n t and fVsdicrivc 
Anslyse* of Blade and White Students' College Achievement and Ei- 
fxnen^JctxT^ofHyttEducMbon. vol 57. No. 3, May-Vsne 1906, 
pp. 239-318. InatinJtionai-levtl meaaui t—tu e k at beat a crude prorr 
(or the climate that (oaten educational sucoeas of those who experi- 
ence it. and perhaps cemmbutes to students' later ua ss mnu to the 
FhX). 



Figure 3-6 also reveals a peak in the 1960s that 
can be traced (see below) to the sharp rise in Fed- 
eral fellowship and academic research funding in the 
early 1960s, followed by decline from the late 1960s 
into the 1970s. The bulge in baccalaureates going 
on for science and engineering Ph.D.s appears in 
all types of institutions, but is pronounced in the 
research-oriented ones and those receiving the most 
Federal dollars. 

The quality of students recruited and enrolled in 
an institution, of course, is related to the number 
and quality of those who emerge with baccalaure- 
ate degrees. The education provided by the research 
colleges is very costly; moat of the costs are borne 
by students and their families. 11 These colleges are 
highly selective in admitting students, but make 
great efforts to ensure students* success by offering 
considerable personal attention and support. The 
institutional environment clearly matters." Ele- 
ments of students' experiences in the research col- 
leges that encourage pursuit of the Ph.D., such as 
early research experience, the emphasis that such 
schools place on teaching, and their small student- 
faculty ratios, could be replicated at other institu- 
tion*.* OTA concludes that to increase numbers 
of PhD. scientists and engineers, it would be 
worth studying techniques used by research col- 
leges and encourage other institutions to adopt 
similar strategies and values. 



"Carrier and Davis-' 'an Art*, op. at., footnote 29. 

"Robert S. Eckley. "Liberal Ana Coueges: Can They Competer 
Tie Awiuaj Review, voL 4, No, 4, fall 1987. pp. 31.37. Not only 
is dim Wck of agrersaenc on the definition of and crfterU for measur. 
int toider* "quaky." but *. . . there are no detailed and comparable 
national data on atudenc performance at the postsecondary level At 
best, only crude estim a te* can be made of the quality of subgroups in 
the graduate talent pool by examinirai trends and diiracrerisdcs of 
the applicants taking such tests m the GRE [Graduate Record Exami- 
iiationr Brown, op. dr., footnote 24. p. 7. Also see T.W. Hard*. The 
Growinc tcaescat in Measuring the Educational Achievement of Col- 
lege Studexsta,'' Assessment in American Higher Eduation, C Add' 
aaan fed.) (Vasfungcon, DC: U.S. Department of Education, 1966). 

"AkecsndW W. Aaon, ftsar Critical Yean (San Francisco. CA; 
Jcasey-Ba**, 1977), esp. pp. 44, 89. These elements are central to some 
other highly productive (ssnaQ technical) mamubon* such as Harvey 
Mudd and the CaUbmaa L'wrJnee of Technofofv. Like the Massachu- 
setts boatitvte (/Technology and other research universities, these irv 
sdrvrions ew phases * undcsgraduai* research, indeed often require • 
research thesis for raduattoo- See, for example, Janet Unix, "Whys 
and How* of UrKkagraduae* Research," Bioscience, voL 38, No. 2, 
Fabnasry I9M. pp. 110- 1 12. 
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Policy Options to Improve Science and Engineering Education 

Recruitment— Enlarge the Pool 

• Ekmentary and secondary teaching: encourage and reward teachers; ex- 
pand support for preservice and inservice training. 

• School opportunities: reproduce science-intensive schools, adjust course- 
taking and curricula, review tracking, and revise testing. 

• Intervention programs: increase interest in and readiness for science and 
engineering majors; transfer the lessons from successful programs; en- 
courage sponsorship from all sources. 

• Inform*] education: increase support of science centers, TV, fairs, and 
camps. 

• Opportunities for women: enforce Title IX of the Education Amend- 
ments of 1972 and provide special support and intervention. 

• Opportunities for minorities: enforce civil rights legislation and provide 
special support and intervention. 

Retention— Keep Students In the Poo! 

• Graduate training support: "buy" Ph.D.s with fellowships and trainee- 
ships; these people are most likely to join the research work force. 

• Academic RkD spending: bolster demand and support research assis- 
tants, especially through the mission agencies. 

• Foreign students: adjust immigration policy to ease entry and retention. 

• Undergraduate environments: support institutions that reward teach- 
ing and provide role models, such as research colleges and universities, 
and historically Black institutions. 

• Hands-on experience: encourage urxiergraduate research apprenticeships 
and cooperative education that impart career skills. 

• Targeted support for undergraduates: link need- or merit-based aid to 
college major. 

Strengthen Federal Science and Engineering Education Efforts 

• National Science Foundation as lead science education agency: under- 
score responsibility through the Science and Engineering Education Direc- 
torate for elementary through undergraduate science programs. 

• Federal int e r ag e n cy coordination and data collection: raise the visibil- 
ity of science education and the transfer of information b e twe en agen- 
cies and to educational communities. 



SOUKCE: U.S. Congress. Office of Technology Assessment » MH|^a 
Scientists, and Eng in es: Grade »Vnool to Grad School, OTA-SET-377 
(Washington, DCi U.S. Government Printing Office, June 1988). 
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SOUKCE: U.f Congress, Office of Technology Aasesaaent, Federally Funded 
Research? itecisiona for a Decade. OTA-SET-490 (Washington, DC: U.S. 
Government Printing Office, May 1991). 
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review could thus be an iteranWprocea*. First, a poof of proposals could be identified based on scientific merit and 
program relevance, and those wiih exceptional human resources and/or reaearch iofnutroctore potential to 
indicated. The program manager, with, cc without the advice of expat peers, can men pick a balanced subset from 
the pooi Any of several aubtctamight be equally incritorious — this is where selection criteria and judgment enter 
the proceai. The result is a program reaearch portfolio that can be reshaped in succeeding yean. 

OTA suggests mat two broad criteria could be applied to research project selection: strengthening education 
and human resource*, and building regional and msomtional capacky. How might these two additional criteria be 
rati^m reaearch piopoaalj? , ^fy,^. ^ yjj/ §J . •:' " ; : 

<; ♦ Education and kumanS&ources criteria would weigh proposals on their future production of new 
... researchers or technically, stalled students Outcome measures would relate to undergraduate education, 
> m ; graduate traming, and characteristics of new Ph-D.s — the number and quality of those entering graduate 
study. and the reaearch work fbtce, respectively. . « ■■«- 

Contributions to human resou r ceS; include increasing participation in the eoucarional pipeline (through 
' \ degree conviction), the .ieaearch "wodc fbrcejand the larger science and mgmeering woric force. With the 
■"•»". c h a n gi n g character of the atodent population, tapping the diversity of traditionally msd cuepieseu ed groups 
\ in science and engineering feg-. women and U.S. minorities) i* vital forme long-term health of the research 
wcjricroVce. \ -V ' " '£ ^ ' ■ 

' « Regional and institutional capacity criteria would weigh proposals on their contribution to uxlerpartici- 

* paring regions and sosti rti iona. Ontcome m ea su re s wocld jncmde the enha n ced research compet iti veness 
?. of f\x>dcd B3rrirotic«r;Sta^ local, and p 

"f an enlarged rote in framing and employment sn targeted sectors, industries, snd fields. 

\ Regional and kistanai^I crpsicity are mrrjortant concerns in all Federal folding, reflecting the interests of 

* taxpayers. While the ms^'research unhrerskks are exemplary in their production of research, untapped 

" Funding r es earch to achieve all' of these o bj e ul r es win remain a prerogative of Congress. But decisions that 
sdd tomorrow's criteria to today^ 

the capability of tha Federal research system. V>:-. . ' ■ * 
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Eahibit 5 



TaWe 4-1.— landmark Federal LegUiatJon Affecting Science and Engineering Education 



1302 Morrill Act Established land grant colleges, and the pracadant lor Federal support of Institutions of hlghar education. 

1«0 Second Morrill Act Required States with dual systems of higher education to provide land grant Institutions for Blacks 
as well aa white*. Sixteen Black Institutions were established aa 1800 Land Grant colleges. 

1937 National Cancer tnstrtuie Act One of the first In e long Una of health rnanpower/Netlonal Institutes of Health acts. 

1*44 Serviceman'* Readjustment Act (QJ. BIN). Provided extensive Federal support for large numbers of new undergraduate 
and graduate students. Not targeted to science and engineering, but by Increasing the number of college students In- 
creased the output of sclentlete and engineers. Nearly 8 million World War II veterans enrolled; many chose science 
and engineering majors. 

18SD National Science Foundation Act Established the National Science Foundation and Included support of science edu- 
cation In the Netlonai Science Foundation'* mission of supporting basic science. Set the tone for graduate science 
and engineering education' merit and geographical balance are the primary award criteria, with oversight of profes- 
sional replenishment vested In the scientific community. 

1861 Selective Sendee Amendments of 1881. Creeled draft deferral e for college studente and for scientists. Following 1987. 
Act made students more vulnerable to the draft, and full-time graduate enrollment dropped aa male studente took de- 
ferrable full-time jobs. 

1868 Netlonai Defense Education Act Science and mathematics were major areas targeted for Improvement through gener- 
ous funding for equipment, guidance, testing, teacher training, and educational research. Increased the role of the Of- 
fice of Education In science and engineering education. Authorized many graduate fellowships and undergraduate loans. 
The Nstlonsl Defense Education Act was expanded to most fields In 1964. 

1884 Civil Rights Act Tills IV set up technical advice atructure for elementary and secondary schools to desegregrsts on 
the basis of sex, race, color, religion, or national origin. Title Vtt prohibited sex discrimination In employment (hiring, 
firing, pa/, snd working conditions). 

1886 Elementary and Secondary Education Act Established massive Federal support for echools and materials, particularly 
for schools with nontradlttonai and disadvantaged student*. No focus on particular curricular araa. Directed Federal 
education policy and money to special undsrserved populations (low-Income, handicapped). 

1886 Higher Education Act First major Federal legislation for higher education not linked to a specific goal (e.g., national 
defense), but rsther to promote equality of access, student freedom of choice, quality of education, and efficient use 
of human resources. Brought Federal money Into higher education and expanded college enrollments. Supported con- 
tinuing and cooperative education, llbrarise, teacher training, faclll^ee, and etudent financial aid. Title II Included a 
provision to support minority Institutions. 

18874 Elementary snd Secondary Education Amendmant a . Authorized support of regional centers for education of handicapped, 
particularly deaf and blind. Supported bilingual education programs, 

1672 Education Ame n dments. Consolidated higher education legislation prohibited sex discrimination In federally assisted 
education programs. Title IX prohibited sex bias In admission to vocational, professional, graduate, and public under- 
graduate Institutions. 

1874 Nstionei Research Service Award* Act (National Institute* of Health). Shifted emphasis of the National Institutes of 
Hsslth training from growth to renewal and quality In e constrained budget Set out the principle of requiring students 
to return services I n exchange for support (not enforced). Instituted manpower planning. Fellowships by law must con- 
stituts 15 porcent of the research training budget. 

1880 Science end Te ch nolog y Equal Opportunities Act Promoted the full development and use of the scientific tsisnt and 
technical skills of men and women of all ethnic, racial, and economic backgrounds. Directed s biennial report to asssss 
opportunities and participation rates. 

1884 Education for Economic Security Act Targeted mathematics, science, computer learning, and foreign languages. Un- 
der this Act, the Department of Education provides modest funding, mostly on a formula basis, for. teacher training, 
magnet schools (designed lor desegregation, but some with science and mathematics emphssls), and for Improving 
mathematics snd science education. 

1888 National Science, Engineering, and Mathematics Authorisation Act of 1884. EstaWlahed a Task Force on Women, Mi- 
norities, and the Handicapped In Science snd Technology In the Federal Government and In federally ass 1st ed research 

programs. 

sounct; ow * t r hi, joss 



SOURCE: U.S. CongTesa, Office; of Technology Assessment, Educating Scientists and 
Engineers: Grade School to frrad School , OTA-SET-377 (Washington, DC; U.S. 
Government Printing Office, June 1988). 
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Exhibit 6 



Tetta 1-1— fusions In the FtdirK Wmireti System 
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Tabte 1-3— Summary of Issues and PosslWe Congressional Responses 



taaua 
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Satting prior tttoa for raaaarch 



Coping with changing 
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Adapting education and 
human resources to meat 
future n 



Refining data coaectJon and 
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Hearings on oroaacuttlng priorities and ccogrsssktr* oesfenatfon of 
a body of tha Federal Govammant to evaluate prioity setting. 

Application of criteria to:a) prornote education and human resources, 
b) bund regional and institutional capacity In merit-baaed research 
dedskxvnetong, and c) balance Htfte sdenos and rmgaprof*ct 
Mtlatfves. 

Oversight of agency resaarott pregrarna that focuses on strategies to 

fufill the stove criteria, and on responses to priority setting. 
Encouragement of greater coet-acaurs^iltybythereeee^sgen- 

ctoe and r mar ch performara (espedeay for Indirect coats, 

magaprojecta, and other muttryear Wttatfves). 
Aeowance tor tha agendas to pursue direct cost contatomant 

measures tor spedfic Hem* of research budgets and to evaluate 

tha effectiveness of each measure. 
Programs that focus Investment on the educational plpeilna at the 

K- 12 and undergraduate levels. 
Attention to dfvarai ry In the human resource base for research, 

espedeJy to the contrtiuttona of underpertlcteettog groups. 
Incentives for adapting agancy programs and proposal requk-emsnts 

to a changing modal of research (where teems are larger, more 

spedallzsd, and share research squtomsnt and fadtftiss). 
fVrfkigto:a)augrr«^wltNn-soancydatacoaec^ 

the Federal research system, and b) Increase use of research 

program evaluation at the research egendee. 
Enccoragernsnt gf data presentation and intarpreUtton for use hi 

pottcymaWng, emptoytog indicators and other techniques 

tratf rrawaumaotcomsaandaraayaaaay^a 



SOURCE: U.S. Congress. ».ijr« ->f To^hjiology Assessment , Federally 
Funded R esearch: n . : A ,.?\>r r * „ . .j. .^A-SET>490 (Washington, 
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Mr. Wolpe. Thank you very much, Mr. Chubin. 
I would now like to turn to Dr. Williams. 

TESTIMONY OF DR. LUTHER S. WILLIAMS, ASSISTANT DIRECTOR, 
EDUCATION AND HUMAN RESOURCES, NATIONAL SCIENCE 
FOUNDATION; ACCOMPANIED BY DR. DAVID SANCHEZ, ASSIST- 
ANT DIRECTOR, MATHEMATICAL AND PHYSICAL SCIENCES, 
NATIONAL SCIENCE FOUNDATION 

Dr. Williams. Mr. Chairman, the report of Project Kaleidoscope 
is a rich and remarkable document. It would justify the attention 
and interest of any one if it had simply contained the letter ad- 
dressed to Dr. Massey, the Director of the Foundation. 

This report is important in the sense that it reminds us in sever- 
al places of the difficulties that still confront science and mathe- 
matics education. But in contrast to a plethora of other reports, it 
is other than a lament. I would observe that other* have done that 
with sufficiency. 

Rather, this report seeks to analyze, to remind and to state a 
purpose. It has analyzed our math and science education system at 
the undergraduate level, with emphasis on the interaction between 
the various components. It has reiterated the manifold educational 
objectives, with emphasis on diversity and scale of the need and the 
need to address all participating institutions. 

The report also proposes a way, a credible and comprehensive 
way, a way that would build on our present knowledge base, our 
strengths, and gauges our determination and would marshal intel- 
lectual and financial resources in order to net improvements. 

I cannot tell you that at the Foundation we will drop everything 
in response to this report. But I can tell you, on behalf of all my 
colleagues and the director, that the vision of this report, its explic- 
it recommendations, are consistent with our current programs and 
our planning activities. We obviously intend to employ it on a con- 
tinuing basis. 

I would like now to turn to the programs of the Foundation in 
the context of this report. Before doing so, I would like to make a 
statement in response to the comments earlier in the hearing. Ref- 
erence was made to the level of funding for education and human 
resource activities in the Foundation, starting in the 1960s, com- 
pared to basically the elimination of the programs in the 1980s and 
today. 

Starting from the early 1980s, the Education and Human Re- 
sources effort at the National Science Foundation has grown from 
less than $50 million to the present level of in excess of $400 mil- 
lion. The increment for the last five to seven years has exceeded 
significantly the overall rate of increase of resources for the Na- 
tional Science Foundation. 

Said another way, education and human resources has grown dis- 
proportionately to the funds available for research. 

With respect to our present programs, they represent those ac- 
tivities that are organized with the Education and Human Re- 
sources Directorate that I manage, as well as programs, most of 
which have been referred to today, that are actually funded by the 
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Research Directorate, in which I have a collaborative role, but they 
are not my line responsibility. 

Consistent with the overall policy decisions in the Foundation to 
have Education and Human Resources activities beyond the pur- 
view of the Education and Human Resources director, in the re- 
search Directorates, there is a process of targeting resources in 
those Directorates for undergraduate activity, in contrast to precol- 
lege. 

In fact, for the fiscal year 1992 budget request of the Foundation, 
the division of that request between the Education and Human Re- 
sources Directorate and the Resources Directorate is as follows. 
Our share of it is— it is roughly 50-50—49 to 61. That in my view is 
an important point to make. 

What are our programs? As you know and as has been indicated 
by others we have long been concerned with the overall quality of 
math, science and engineering, and emphasizing engineering edu- 
cation at the Foundation. To raise the quality of undergraduate ac- 
tivity, we are primarily concentrating on three programs, a trio, 
primarily with the Education and Human Resources Directorate. 

The first program you heard about this morning was the Instru- 
mentation and Laboratory Improvement. This program was de- 
signed to improve laboratory instructions through the use of 
modern instrumentation. 

The program in particular places emphasis on leadership projects 
in laboratory development, and it provides, as you heard, a cost- 
sharing of the acquisition of modern instrumentation, designed to 
increase the effectiveness and efficacy of laboratory experiences, to 
make sure that current technology is introduced through instru- 
mentation and we actually use instruments in innovative ways in 
teaching laboratories. 

The second program under the Education and Human Resources 
Directorate is the recently-initiated Course and Curriculum Devel- 
opment program. I term it undergraduate, but this is an effort that 
is almost entirely given to the two introductory years, the first two 
years in the undergraduate sequence. Primacy is quite frankly 
being given to the freshman years. 

The goal here is essentially to engage quality instructors in sci- 
ence and mathematics and engineering courses as appropriate for 
all participating students. Clearly what we are attempting to do is 
promote the requisite change in the instructions in order to ensure 
that these undergraduate courses facilitate the retention of stu- 
dents in the process and focus on courses and curriculum as well as 
the laboratories in engineering, mathematics and the sciences. 

While this comprehensive program is new, we have had for sev- 
eral years an effort in calculus focusing only on one course, and a 
program in engineering. 

The third major program focuses on the undergraduate faculty 
in science and engineering. The Faculty Enhancement program is 
designed straightforwardly to improve the disciplinary capabilities 
and the teaching skills of faculty members who do undergraduate 
instruction, hopefully paralleling the focuses on the introductory 
courses. 

Grants are made to single institutions or to coalitions to conduct 
regional or national seminars, conferences, short courses, and simi- 
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lar activities for groups of faculty members in which their partici- 
pation would occasion increased knowledge of new techniques and 
new developments in the field. 

Each of these programs is designed to improve instruction in spe- 
cial ways. Each is responsive to changes in needs. We continue to 
examine the programs, undergraduate institutions of all types may 
participate in them, and we stress the programs, instrumentation, 
undergraduate course in curriculum development, faculty enhance- 
ment, for them to operate in concert to engender direct synergy. 

I should observe that at NSF we are concerned with all students 
in science and engineering education, the opportunity for all stu- 
dents to have substantive courses in science and mathematics. 

One justification for the same is the nature of modern society 
and culture requires that citizens or students be expected to bring 
to bear serviceable knowledge of science and mathematics in their 
lives, so issues of numeric and science literacy are vital, quite inde- 
pendent of whether individuals are on the science and engineering 
track. 

We are also equally concerned with the congruence between our 
undergraduate agenda and our precollege agenda, where we have a 
fundamental responsibility for training the next cadre of first-class 
math and science teachers. These introductory courses are critical 
to that proposition. 

So the precollege agenda is linked, if you will, to the undergradu- 
ate activity. In fact, in terms of planning, the Foundation has re- 
cently developed a new program that will focus or math and sci- 
ence teaching centers, in which we are asking for deliberate col- 
laboration between science and math faculty and faculties of 
schools of education, to ensure the requisite preparation and en- 
hancement of the next generation of math and science teachers. 

For all these programs, effective last fiscal year, we have put in 
place an evaluation component to ask the very hard questions that 
were raised earlier with respect to the efficacy of our programs and 
how in fact they need to be revised. 

Equally so, recognizing that we have limited resources and we 
are attempting to impact a diverse set of institutions — research in- 
stitutions, comprehensive institutions, liberal arts institutions — we 
are giving increased attention to dissemination of exemplary 
models that result, not necessarily .being directed to the use of 
them, but certainly making clear to the broad community those 
projects that NSF has supported. 

The report of Project Kaleidoscope shows us the potential for the 
Nation's liberal arts colleges to extend and strengthen science and 
math education. Similar reports have dealt with universities at 
other sectors, and as I said earlier, the Foundation certainly will 
give attention to that report. 

But that report is framed in the context of a variety of other re- 
ports we have supported. We have a series of reports that have 
looked at the issue of undergraduate education, and each of its 
broad disciplines in the sciences, biology, chemistry and physics. 
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We recently conducted a workshop in two-year colleges. We looked 
specifically at programs for minorities and all of which has now 
been reflected in the strategic plan. 

I would like to close by making several comments in response to 
the letter that I sent to you, requesting information on the coordi- 
nation of the undergraduate programs in the Foundation. 

In June 1980, there was a reorganization of the Education and 
Human Resources activities in the Foundation, a transition from 
the Science and Engineering Directorate to the Education and 
Human Resources, to move the Human Resources programs, which 
were disparately located around the Foundation, primarily focusing 
on minorities, women and persons with disability, into one division, 
which is now an organized division under my direction. 

Coincident with that was the effort to address another issue, and 
that was to create a mechanism by which I, as the Assistant Direc- 
tor of Education and Human Resources, would on a continuing 
basis interact with my colleagues who manage the programs in the 
Research Directorates. There was created what is called the Educa- 
tion and Human Resources Policy Committee. 

The principal reason for the creation of it was to share informa- 
tion to coordinate, to try and address common problems, and make 
sure there was collaboration. That program, the composition of the 
committee, is therefore all the program assistant directors of the 
Foundation. It has only been in operation for about a year, and in 
my view, experience shows that it works. It operates informally 
and by consensus. 

Recently, one of the efforts addressed by the committee was the 
disposition of the coordinating function for four programs that are 
funded by the research directors, not the Education and Human 
Resources Directorate account. The question at issue was not the 
transfer of fiscal management responsibility, but coordination. I 
want to speak specifically to decisions that we made. 

Research Experience for Undergraduates, that operates in all the 
research Directorates. We felt it was important that one of the Di- 
rectorates assume the responsibility for overall coordination of it, 
certainly from the point of view of each fiscal year report, to get a 
sense of how well we had progressed, where each Directorate had 
progressed to in reaching their targets. 

In fact, my colleague with me, Dr. David Sanchez, who is the As- 
sistant Director for Mathematical and Physical Sciences, has that 
responsibility. 

The second program, that was previously in another component 
of the Directorate, a program focusing on providing research 
grants, essentially planning grants, for minority faculty members, 
it's called Minority Research Initiation, it was proposed initially 
that that program be coordinated by the Engineering Directorate. 
We decided not to make that change. It now remains the coordinat- 
ing responsibility of my Directorate. 

The third program, the program that focuses on research grants 
for women, the career and advancement awards, that program is 



186 

coordinated by the Assistant Director of the Directorate of Biologi- 
cal and Behavioral Sciences. 

Lastly, to Research in Undergraduate Institutions. We have de- 
cided it was not necessary that they have coordination of that pro- 
gram. Certainly in light of the issues that have been raised prior to 
this hearing and during the hearing, most assuredly we will reex- 
amine that issue. 

Thank you. 

[The prepared statement of Dr. Williams follows:] 
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STATEMENT 



of Dr. Luther S. Williams, 
Assistant Director for Education and Human Resources, 
National Science Foundation, 

at the July 11, 1991 Hearing of the 
Subcommittee on Investigations and Oversight, 
Committee on Science, Space, and Technology, 
United State House of Representatives 



Mr. Chairman and Members of the Committee: 

It is a pleasure to be here today to discuss the report of Project Kaleidoscope: "What 
Works: Building Natural Science Communities; A Plan for Strengthening Undergraduate 
Science and Mathematics." Project Kaleidoscope was one of a small number of efforts funded 
by the National Science Foundation to develop plans for strengthening undergraduate education 
in the several sectors of higher education ~ in two-year and four-year colleges, in comprehensive 
universities, and in research universities. 

The report of Project Kaleidoscope is a rich and remarkable document. It reminds us 
in several places of the difficulties confronting science and mathematics education in the United 
States today - but it is not a ceaseless lament. Its approach is not to alam; (others have done 
that to sufficiency) but to analyze, remind, and propose. 

• The report analyzes out system for education, the interactions among the parts of the 
system, the social and political context in which the parts function, and both the problems 
and the opportunity. 

• The report reminds us of our manifold educational objectives, of the diversity and scale 
of our needs to teach and to learn, of the complexity of the task of improvement, and of 
our resources and our resolution. 

• The report proposes a way -- a credible and comprehensive way - a way that builds on 
our strengths, engages our determination, marshals our physical and intellectual 
resources, and which promises to work. 

I can tell you that the vision of this report is consistent with ours and that we will learn 
and perhaps teach from it. 
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This Statement is a preliminary response to the four Initiatives proposed in the report of 
Project Kaleidoscope and its several recommendations to NSF. An excellent introduction for 
it appears on page 5 of the report: 

"Liberal arts colleges have no monopoly on programs that work in undergraduate science 
education. Institutions of all kinds have achieved success in baccalaureate science 
education; not all independent colleges have succeeded at science and mathematics 
education; and even the best colleges have failed with certain students. Anyone who has 
been involved seriously in education knows that one must deal constantly with 
imperfection while keeping one's eye on the ideal." 

In that spirit, we present here an overview of what the Foundation is doing now and is 
planning to do with its programs at the undergraduate level. 

* * * 

The report assigns highest priority to four initiatives: 

I. Reforming the introductory courses in undergraduate science and mathematics; 

II. Supporting the integrated teacher/scholar role of undergraduate science and mathematics 
faculty; 

III. Making disciplinary content and active learning central to the education of K-12 teachers 
of science and mathematics; and 

IV. Developing partnerships focused on strengthening undergraduate science and 
mathematics. 

The National Science Foundation is firmly committed to all four of these initiatives; 
its current and planned aggregates of specific programs are designed to achieve their 
objectives. 

NSF believes that it should foster a national community of scholars by engaging large 
numbers of instructors of undergraduates in improvement activities that will result in greater 
attention by faculty to undergraduate instruction and that will reward outstanding teachers. 

NSF considers the task before the Nation to be revitalizing the instruction of undergraduates 
rather than reorienting the academic culture from research to teaching. To strengthen 
instruction, some faculty should do more rather than less scholarship, some should pursue 
different scholarship, and some need to engage teaching in new ways. 

To achieve a new balance, grant programs must help rechannel faculty activity. NSF's 
planning recognizes the needs of faculty at research universities, comprehensive universities, 
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four-year colleges of various descriptions, and two-year colleges. NSF's programs are designed 
to make instructional innovation and improvement a viable arena for professional activity. 

The long-term solution requires more than making a few large, widely publicized awards 
to already exemplary teacher/scholars. We must find ways to engage the minds and energies 
of thousands of faculty in all kinds of institutions in a huge network of contacts, bright ideas, 
and activities. This argues for programs that make grants to many individuals for a large variety 
of activities. 



Initiative I. Reforming the introductory courses in undergraduate science and 
mathematics. 

• Instrumentation and Laboratory Improvement; Introductory Courses. 

The Instrumentation and Laboratory Improvement Program (ILI) aims to improve the 
quality of all undergraduate laboratory instruction in science, engineering, and mathematics, and 
for both majors and nonmajors. To achieve this goal it makes grants for projects to enhance the 
quality of laboratory work through development of experiments and courses which use 
contemporary equipment and techniques. 

Projects in two broad categories are supported: (1) Instrumentation: Model and standard 
setting projects to improve the quality of laboratory instruction through creative use of modern 
instrumentation and advanced technologies; and (2) Laboratory Improvement: The conception, 
design, and testing of new approaches that are cost effective, powerfully stimulative of learning, 
and that reflect actual science and engineering practice. 
During the next few years: 

• A substantial ILI effort will continue to treat as a special target the improvement of 
large-enrollment introductory laboratories. 

• A major new effort will be initiated to bring about significant and widespread change in 
laboratory instruction. This ILI thrust will support laboratory improvement projects of 
two lands: one will provide incentives for individual investigators to develop laboratories 
and modules by supporting personnel, travel, support services, and dissemination costs 
as well as those for instrumentation; the other will provide funding to groups of 
institutions and organizations for comprehensive projects to revise whole laboratory 
sequences. And, 

• A new ILI thrust will make small awards for the dissemination of exemplary laboratory 
improvement work, whether funded initially by NSF or not. 
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• Course and Curriculum Development Program; Local Improvements and Comprehensive 
Projects for Introductory Courses. 

There is need for a variety of projects, large and small, to stimulate faculty efforts that 
will yield new undergraduate courses and curricula. In this area, the Foundation will emphasize: 
re-thinking professional and pre-profcssional curricula; courses for nonscientists; timely applica- 
tions of new knowledge and technologies; involvement of research-oriented faculty; and two 
critical articulations - high school with college, and two-year institutions with four-year. 

NSF has three undergraduate course and curriculum programs. One focuses on instruction 
in the calculus, and ano'her on the engineering curriculum (it was merged recently into the 
Engineering Education Coalitions Progiam); these have been running since 1988. The third one 
is new: Undergraduate Course and Curriculum Development Program (UCC) in engineering, 
mathematics, and the sciences. 

Die UCC Program provides support for the design, development and testing of major 
changes intended to increase the effectiveness and efficiency of undergraduate courses, curricula, 
and attendant laboratories in engineering, mathematics, and the sciences. Emphases are placed 
on timely applications of new knowledge and technologies; re-thinking professional and 
preprofessional curricula; courses for nonscientists; articulation with high school science and 
mathematics; and involvement of research -orientec faculty. 

NSF is planning that UCC will: 

• Establish a strong focus on the critically important but neglected introductory-level 
courses in engineering, mathematics, and the sciences. In a major effort, projects will 
be supported to make these courses attractive and effective not just for potential majors 
in their subjects, but for the much more numerous "other students" -- including technical 
nonmajors, non-science majors, and future K-12 teachers; 

• Initiate major curriculum improvement efforts in the physical, biological, and behavioral 
sciences like the Undergraduate Engineering Curriculum and the Calculus Curriculum 
Development initiatives; 

• Foster broader participation in calculus course and curriculum development and assess- 
ment by adding adaptation, refinement, and implementation projects to the course and 
curriculum improvement activities supported at present; 

• Develop" incentives that will increase trie involvement in curriculum reform activities of 
science, mathematics, and engineering faculty members in all kinds of institutions - to 
precipitate a change in the academic culture such that undergraduate teaching and curricu- 
lum development become respected and rewarded once more; and 
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• Establish a number of select centers for undergraduate science, mathematics and engin- 
eering instruction, each of sufficient size to provide a viable nucleus of talent to work 
on educational problems at that level. (Inquiries from the higher education community 
indicate interest in foci such as the individual scientific disciplines, various multidiscipli- 
nary combinations, and several emerging interdisciplinary areas.) 

* * * 

Initiative 0. Supporting the integrated teacher/scholar role of undergraduate science and 
mathematics faculty. 

• Research Experiences for Undergraduates. 

The Research Experiences for Undergraduates Program (REU) is managed by the 
individual research directorates. It promotes direct collaborative participation in academic or 
industrial research by promising undergraduate students. The Program (1) supports the creation 
and operation of undergraduate research sites in established industrial and academic research 
laboratories, and (2) provides access to research experiences by incrementing current NSF 
research awards so that undergraduate students can be brought onto the research team. 

NSH's planning in the undergraduate research area includes: 

• Continued expansion and evolution of the REU program with emphases on involvement 
of students from underrepresented groups, and of those enrolled in colleges that do not 
have substantial established research programs. 

• Establishment of a complementary program to support student research projects under 
the direction of a faculty member (complementing REU, which supports students to work 
on faculty research projects). 

• Special programs to expose undergraduates to the geosciences, and computer and 
information sciences (planning will be started on new approaches to introductory 
biological and behavioral science courses). 

• NSF Programs for Undergraduate Faculty. 

This is an area of critical concern. There is demonstrated need for activities which will 
enable faculty to remain intellectually vigorous, current in their disciplines, aware of up-to-date 
curricula! developments, and prepared to stimulate student learning. This need exists for faculty 
at all kinds of collegiate institutions - research universities, primarily undergraduate colleges, 
and two-year colleges. 
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Faculty cannot gain currency in their disciplines through "one-shot" activities; continuing 
participation in a community of scholars/teachers is required. Similarly, widespread 
improvement of instruction and curriculum will not be achieved through the successful marketing 
and adoption of the work of a few reformers; support must be provided to faculty members all 
across the nation for individual and local improvement efforts. 

The Foundation supports several programs designed to assist the professional growth of 
undergraduate faculty members. One of these is the Undergraduate Faculty Enhancement 
Program (UFE); it supports efforts to improve the disciplinary capabilities and teaching skills 
of faculty members who are involved primarily in undergraduate teaching. Grants are made to 
single institutions or to coalitions to conduct regional or national seminars, conferences, short 
courses, workshops, or similar activities for groups of faculty members in which the participants 
learn about new techniques and new developments in thei: fields. 

During the next few years: 

• A major new thrust will focus on improving the quality of teaching and learning in the 
Nation's two-year colleges through partnerships between the two year colleges of a 
region and at least one four year college or university. NSF will fund the initial 
interaction and lend continuing support to projects of up to five years duration that 
address faculty development through curriculum improvement activities, joint research 
projects, laboratory innovation, and team teaching. 

• Another new thrust will support workshops that bring together faculty from different 
types of institutions to work together on the development of an important educational 
product in a disciplinary or interdisciplinary area. 

Extending the Undergraduate Faculty Enhancement Program, the Foundation will support 
a program for individual faculty members who have demonstrated potential for major leadership 
roles in undergraduate education. The program will enable them to: investigate undergraduate 
teaching and student learning; undertake curriculum development projects; and, become part of 
a national network of teachers/scholars, actively involved in the development and dissemination 
of innovations in undergraduate and precollege science and mathematics education. 

Research is one of several critical foci in the professional activities and development of 
undergraduate faculty members. Part of NSF's mandate to ensure the vitality of the Nation's 
scientific and technological enterprise includes concern for the quality, distribution, and 
effectiveness of such research in science, mathematics, and engineering. The Research In 
Undergraduate Institutions program (RUI) is designed to: (1) support high quality research by 
faculty with active involvement of undergraduate students; (2) strengthen the research 
environment in academic departments that are oriented primarily toward undergraduate 
instruction; and (3) promote the integration of research and eduction at predominantly 
undergraduate institutions. 
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Through RUI, NSF provides support for research and research insturmentaton in non- 
doctoral departments in predominantly undergraduate institutions. Proposals to RUI must 
address the expected impact of the proposed research on the research and training environments 
of the department. Each of NSFs research directorates has a RUI target; this assures that RUI 
is fully integrated into the regular research programs of the Foundation. RUI's FY 1991 target 
is $14.5 million; the target proposed for FY1992 is $18.7 million. 

• There has been increased support for RUI each successive year since its inception in 
FY1984, and all targets have been exceeded. NSF plans to continue RUI's steady 
growth. 

NSF has two programs designed to assist the professional growth of undergraduate 
faculty members who are women. One of these is the Visiting Professorships for Women 
(VPW) Program. The entry and advancement of women into faculty positions in science and 
engineering on a par with men, particularly in the physical sciences and engineering, continues 
to be a problem. The VPW Program enables experienced women scientists and engineers to 
undertake advanced research at a host institution a university or college which has the 
necessary facilities and resources. In addition to her research responsibilities, the visiting 
professor undertakes lecturing, counseling, and other "interactive" activities to increase the 
visibility of women scientists in the academic environment of the host institution and to provide 
encouragement for other women to pursue careers in science and engineering. 

• The Foundation plans to expand the VPW Program in the future; other changes in the 
Program will increase its flexibility and usefulness. 

The other NSF program addressing the professional growth needs of women 
undergraduate faculty members is the Faculty Awards for Women Scientists and Engineers 
Program (FAW). It is a new effort designed to recognize some of the nation's most outstanding 
and promising women scientists and engineers in academic careers of research and teaching; to 
help retain them in acadernia by providing research support for a five-year period; and to 
facilitate further development of their careers. Nominations are made by their institutions on 
behalf of tenured faculty women who are not yet full professors. 

• The FAW Program is being initiated with approximately 50 awards in FY 1991 and 50 
more in FY 1992. As the program matures, eligibility may be broadened to include 
women faculty members who have not yet achieved tenure; and awards will be 
distributed differentially among disciplines in an effort to address the most severe 
underrepresentations (e.g., in Astronomy, Ocean and Atmospheric Sciences, Physics, 
Computer Science, and Engineering). 
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Initiative HI* Making disciplinary content and active learning central to the education of 
K-12 teachers of science and mathematics. 

• Teacher Preparation Activities. 

The Foundations Teacher Preparation Program supports the development and 
evaluation of innovative approaches to the preservice education of future teachers of mathematics 
and science. Special interests of the program are recruitment to teaching of members of 
underrepresented groups - women, minorities, and the disabled; preparation to teach more than 
one subject; and projects that address expert-identified shortfalls in the content of teacher 
education and the intense problems in the profession that are arising because of current 
demographic trends. The Program does encourage colleges and schools of education "to redirect 
the structure and content of their teacher preparation programs to focus more directly on science 
and mathematics," and many of the projects supported do emphasize "an active, investigative, 
hands-on, content-based approach." 

The Foundation is considering a number of major additions to its present program of 
support for teacher preparation activities. 

The projects supported by the Teacher Preparation Program are designed to yield new 
teachers who are very deep in their subject matter knowledge and very skilled at teaching. The 
accumulated experience of the Program has given us the building blocks for a much different 
way of addressing the Teacher Preparation task - a different way that does not just tinker with 
the present system, but which involves a basic rethinking, redesigning, and restructuring of the 
whole teacher preparation process -- and the creation, as a result, of a number of Teacher 
Preparation Centers (TPC). 

One category of changes in the system would be intended to change the culture and might 
include: 

• restructuring the relationships between the universities and the schools through 
establishment of linkages and building of human resources, and remaking the ways in 
which members of the universities* education and disciplinary faculties relate to the 
teacher preparation activity and to each other; 

• connecting teacher preparation to the huge task of teacher enhancement, and building 
leadership for future teacher enhancement activities; 

• rethinking and rebuilding the responsibility, accountability, and policy-making structures 
within the universities and between the universities and the state departments of education 
that control licensure; and 

• establishing mechanisms for professional development of teachers at every stage of their 
careers -- novice, journeyman, master, and senior, 
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A second category of changes in the teacher preparation system would be intended to 
expand the knowledge base - and, of course, to apply and build on the expanded base; it might 
include: 

• doing research on learning and teaching; on the content, development, and presentation 
of instructional materials; and on educational methodologies and technologies; 

• maintaining a robust graduate program, and sharing and disseminating research through 
exchanges between universities of faculty members and graduate students; and 

• integrating knowledge of discipline, of students, and of pedagogy. 

As presently constituted, universities provide knowledge of discipline, of students, and 
of pedagogy quite independently of each other. But, the classroom teacher functions at the 
intersection of those domains. Teacher Preparation Centers coul J provide far more effective 
preparation for that service than present mechanisms. NSF's support would be for faculty time, 
possibly for undergraduate and graduate student scholarships, and for support activities, 

• Teacher Enhancement Activities. 

Among the important objectives of the Foundation's education programming are 
improvement of teacher "capabilities; positive reform of the curriculum; harmonious interaction 
of teachers with administrators; better articulation between system levels ■ elementary, middle, 
and high school; and improved student achievement. 

The Foundation's Teacher Enhancement Program is encouraging proposals that are moving out 
in several new directions: 

• to develop materials for teachers that will help them teach better; these would not be 
textbooks for students or materials for direct classroom use (e.g., resource volumes on 
biotechnology for biology teachers, materials science for chemistry teachers, chaos and 
fractals for mathematics teachers cutting edge topics probably not covered in their 
undergraduate preparation); 

• to develop materials on how to conduct effective inservice activities for teacher 
enhancement (how do adults learn; how does one teach his peers?); and, combining the 
two, 

• proposals for "leadership" projects in which the participants are teachers with the 
potential to be leaders in their respective communities — teachers who will, as a result 
of their project experience, be qualified to teach other teachers through workshops and 
other inservice activities. 
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The Teacher Enhancement Program is beginning to fund projects that cover much or all 
of a major city (an informal "urban initiative"). One such is a City of Baltimore (MD) system- 
wide effort to improve science education; there are similar projects in Tampa (FL), Cleveland 
and Cincinnati (OH), and Pasadena (CA). There is also an elementary schools mathematics 
project of this type in Boston (MA). 

The first awards under the NSF Statewide Systemic Initiatives Program (SSI) [to 
Connecticut, Delaware, Florida, Louisiana, Montana, Nebraska, North Carolina, Ohio, Rhode 
Island, and South Dakota] are for projects that involve undergraduat? institutions in many ways 
with efforts to improve science and mathematics education in the schools of whole states. 



Initiative IV. Developing partnerships focused on strengthening undergraduate science and 
mathematics. 

• Colloquia to Discuss 'What Works' in Undergraduate Scitnce and Mathematics 



Such colloquie would be part of what the Foundation calls its undergraduate leadership 
activities. NSF's leadership activities are intended to be bo!d steps to establish and maintain the 
leadership of the Foundation in efforts to advance and maintain the quality of undergraduate 
education in engineering, mathematics, and the sciences; and to stimulate interest in- and active 
support of- undergraduate education by other sectors, i.e., scientists, academic institutions, the 
States, the private sector, and other Federal agencies. 

The Foundation plans aggressively to stimulate discussion throughout the academic 
community of issues important to the character, quality, and effectiveness of undergraduate 
education - e.g. undergraduate science education in institutions of different types; the 
curriculum and articulation; and dissemination of innovations from the source institution to other 
campuses. 

Among other leadership activities to be pursued by NSF during the next few years are these: 

• Preparing short- and long-range program plans for NSF support of undergraduate 
science, mathematics, and engineering education - in consultation with the other NSF 
Directorates, professional groups, the academic communities, and persons from the 
private sector, 

• Developing programs to attract senior research faculty to activities that will improve 
lower division undergraduate instruction; 

• Encouraging cooperation and sharing of resources among colleges and universities to 
increase effectiveness and help control the costs of undergraduate instruction; and 
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• Supporting networks among the Stales and local higher education decision makers to 
disseminate information, share ideas, and develop cooperative strategies to improve the 
health of higher education in the sciences. 

NSF has found an important mechanism for both leadership and planning in the program 
of workshops and conferences on undergraduate education conducted by EHR's Division of 
Undergraduate Science, Engineering, and Mathematics Education (USEME) in conjunction with 
NSF's research directorates. The participants in these activities are distinguished academic and 
industrial scientists, engineers, and administrators. 

The current set of USEME workshops and conferences is focusing on problems and 
opportunities of science and mathematics education in institutions of various types. Reports arc 
now available that examine two-year and community colleges, and comprehensive state 
universities, the report of Project Kaleidoscope speaks to the problems and opportunities in the 
libera] arts colleges; and in late 1991 a similar report should be completed on research 
universities. 

These workshops, and the reports of their findings and recommendations, are contributing 
significantly to the growing national understanding of- and concern for- the needs of under- 
graduate education. The regional and national colloquia proposed in the Kaleidoscope report 
would seem to be a logical extension of the workshops activity. 

• Partnerships. 

The Foundation mounts several endeavors to create a variety of partnerships to address 
the diverse predicaments of science and mathematics education. Virtually all of them do or can 
involve liberal arts colleges. For example: 

• Alliances for Minority Participation (AMP) is a new program designed to effect funda- 
mental changes in the education of underrepresented minority students in science, mathe- 
matics, and engineering. The goals of the program are to raise the quality of education 
received by such students and to increase the number of them who earn engineering and 
science baccalaureate degrees, go on to undertake graduate study, and attain the Ph.D. 

The "alliances" in AMP's name are coalitions among academic, governmental, industrial, 
and non-profit organizations established to create comprehensive approaches to the 
achievement of the Program's goals. The academic allies are usually a cluster or 
universitiei and two-year and four-year colleges. 

The AMP program focuses on the undergraduate level, but individual projects include 
activities that affect minority student advancement through one or more of the critical 
decision points on the educational pathways to science and engineering careers: i.e., the 
transitions between high school and college, 2- and 4-year colleges, undergraduate and 
graduate study, and acidemia and the workplace. 
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• The Private Sector Partnerships Program (PSP) was established in FY199I to foster 
use of the intellectual capital of business and industry in addressing the manifold needs 
of K-12 education in partnership with large urban schools, school districts, and regional 
consortia. [PSP came into being in 1988 through the first of a series of special 
solicitations within another EHR program.] PSP projects exemplify a variety of new 
kinds of collaborations to improve science and mathematics education. 

PSP will continue to marshall the commitment and intellectual capital of business and 
industry to work in partnership with large urban schools, school districts, and regional 
consortia to improve education in science and mathematics; and emphasize projects in 
which the participation of scientists from business and industry is the enabling element. 

• As interactions within an institution of a number of high quality programs are synergistic, 
so are consortial interactions among institutions. Hence, during the next five years the 
USEME Division plans to: 

Initiate a program of challenge grants to colleges, universities, and consortia to support 
correlated and integrated sets of projects designed to improve undergraduate instructional 
programs (with emphases on cost-sharing, and on encouragement of partnerships with 
private sector organizations - including the science and engineering professional 
societies). 

Provide, through a major subprogram, incentives for forming consortia each involving 
a lead university (or 4-ycar college) and a group of 2-year colleges. These consortia will 
work on articulation between these types of institutions and to develop coordinated 
projects for improving lower division instruction in mathematics, the sciences, and prc- 
engincering technology. 

• Computer and Telecommunications Networking. 

Staff in NSF's Directorate for Education and Human Resources (EHR) and Directorate 
tor Computer and Information Science and Engineering (CISE), in consultation with expert 
advisors drawn from education agencies, schools, and higher education, have analyzed the state 
of the art in computer-communications networks, the level of networking activity and know-how 
among educators and teachers, priority needs in science and mathematics education, and 
opportunities afforded by the technology. 

Based on this analysis, NSF has begun to establish new, more powerful linkages and 
collaborations among persons and technological resources involved in scientific research and 
education in science, mathematics, and engineering. These linkages and collaborations arc 
supported by digital communication networks and computer-based resources through NSFNET 
and the National Research and Education Network (NREN) as proposed in the FY1992 Initiative 
on High Performance Computing and Communications of the Federal Coordinating Council on 
Science, Engineering, and technology (FCCSET). 
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The new organizational arrangements and technology resources supported by these NSF 
programs will add value to and make more efficient and effective the processes by which new 
knowledge, tools and materials are created, communicated, understood, and implemented by 
teachers and students at all levels of education; This infrastructure-building program is intended 
as the first phase of a strategy leading to more widespread implementation of advanced 
technologies and curricula in education. 

NSFNET, the connected Internet, and the NREN will help make science education - 
especially NSF-supported education projects - more responsive to changing national and local 
needs. Computer communications networks will support new paradigms of learning and teaching 
- paradigms more responsive to current and future national needs for education in the 
information age. 

* * * 

The report of Project Kaleidoscope shows us the potential of the nation's liberal arts 
colleges to extend strengthen science and mathematics education. Just about a year ago, a report 
entitled "Formula for Reform" showed us the important contribution that the comprehensive 
universities could make to such efforts. The Foundation is determined that the resources of ALL 
of higher education be brought to similar service, The United States' systems of higher 
education are the most comprehensive in the world; their strength is great, but must be 
increased; that strength must applied to the improvement of education in the nation's schools. 
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Mr. Wolpe. Thank you very much, Dr. Williams. I have a series 
of questions that relates to that last point. But I believe Mr. Nagle 
seemed eager to ask a question a moment ago. 

Mr. Nagle. Just the one. I have three questions, but the one you 
have already answered. I wanted to break in just to confirm it. 

OTA would like to ask if the Project Kaleidoscope model is an 
NSF educational priority, and I gather it is not, by what you said. 
It is simply one of several studies you are going to be looking at. 

Dr. Williams. Well, it's a priority. It is not the priority. It is a 
very important one, and it is important in the following regard: it 
deals with the very important three major sectors that we have re- 
sponsibility for, comprehensive universities, research institutions, 
and liberal arts institutions. While it does not specifically speak to 
minority institutions, I think some attention has been given to that 
collection of institutions. 

So certainly in terms of the institutions it represents, it will be 
integral to our planning process. But it is not the priority. 

Mr. Nagle. Thank you. 

Mr. Wolpe. Thank you, Dave. Before turning to the last issue, 
Dr. Williams, I want to ask Dr. Chubin a question. The OTA analy- 
sis — I think it parallels very much the general thrust of the recom- 
mendations of the Project Kaleidoscope report, the emphasis on the 
role of the small liberal arts colleges, the integration of research 
and education. 

My question is, are there any significant points of differences or 
nuances or emphasis in the OTA evaluation that we ought to at 
least be focused upon in comparison to the Project Kaleidoscope 
undertaking? 

Dr. Chubin. Let me just comment on the partnership component 
of Project Kaleidoscope. If I have a criticism, it doesn't distinguish 
this particular project from a project that might be done by two- 
year and community and junior colleges, or a different project that 
would be done by research universities. 

I think there is a reliance on Federal support, and in this par- 
ticular case, NSF support, to ensure the continued success of some 
of these activities that I think first, are unnecessary, and second, 
may be wishful thinking. 

In other words, if one believes that partnerships work, and given 
the participation of the foundations that are already involved in 
this project, then the participating institutions need to devise ways 
of making their dollars go further without expecting NSF to bail 
them out. 

In my written statement, there is a line that says something to 
the effect that NSF is asked to be all things to all people. It is 
being stretched to the limit. If anything, Project Kaleidoscope has 
already demonstrated the capability to make things work on these 
various campuses that are participating. Given the mobilization of 
resources and of faculty and given the leadership of the presidents 
involved, I am very optimistic about that. 

But I would hope that would not tie the future success and the 
spinoffs of that success to increased NSF funding. I perhaps share 
with you, and perhaps not, a concern that that funding won't be 
forthcoming. I don't want them to think that they are so utterly 

9 
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dependent on it that if it's not forthcoming that their efforts 
become interrupted or perhaps are terminated. 

Mr. Wolpe. Thank you. I did want to pursue this question of re- 
search, the RUI program. We have received testimony prior to 
today that emphasized the critical role that the RUI program plays 
at predominantly undergraduate institutions. So when we began to 
rather innocently ask some questions, we were a little surprised by 
the reaction and response within NSF to those questions. 

Does the NSF consider the RUI program to be a successful pro- 
gram, or are there problems you have with it? 

Dr. Williams. I think it is a successful program, and I would 
argue that it is a very important one. And I am absolutely confi- 
dent from the character and nature of discussions I have had with 
my research colleagues, the assistant directors and research direc- 
tors, I am speaking for everyone. There is no question that it is 
highly valuable. 

Mr. Wolpe. Is there a central office right now that is overseeing 
this program at the moment? 
Dr. Williams. No. 

Mr. Wolpe. There was a central office previously? 

Dr. Williams. There was an office before the reorganization. 
There was a division within another Directorate, the STIA Direc- 
torate, Scientific Technical and International 

Mr. Wolpe. It's refreshing to find someone within the agency 
who is not aware of the acronyms. I thought it was only us types 
that had that difficulty. 

Dr. Williams. That's right. [Laughter.] 

I think it's refreshing. 

That was a division called Research Initiation and Improvement, 
and to be honest, it was at least in my view a sort of collection for 
a variety of programs that did not have much in common. One of 
the things it did was coordinate on behalf of the research directors 
a variety of functions. 

Mr. Wolpe. But there was one individual that had that coordi- 
nating responsibility? 

Dr. Williams. Yes, that's right. 

Mr. Wolpe. Was that person located in the division of Human 
Resources Development? 

Dr. Williams. That person was originally located in the Research 
and Initiation Division of STIA. Now, when the Directorate — when 
the Education and Human Resources Directorate was reorganized, 
was created, those personnel came to a new division called Human 
Resource Development. Obviously, up to the time the policy com- 
mittee made the decision to transfer it, that person had that re- 
sponsibility. 

Mr. Wolpe. So at that point, the division of Human Re- 
sources 

Dr Williams. That's right. Who coincidentally always had it. It 
was the same individual. 
Mr. Wolpe. That was Dr. Joe Danek's office? 
Dr. Williams. Yes. 

Mr. Wolpe. Why was the judgment made that that office no 
longer coordinate and oversee RUI programs? 
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Dr. Williams. Because we honestly didn't think it was necessary. 
We didn't think the coordination was necessary. 

I don't know if this is appropriate, because he is not sworn in, 
but my colleague, Dr. Sanchez, who has a very large component of 
this program from a research Directorate, if possible I would like 
for him to speak to it. I can give you my view of why I don't think 
it was necessary. 

Mr. Wolpe. Would you? 

Dr. Williams. Well, all four of these programs I just described, 
what distinguishes them from everything else we do is that they 
are not in the Education and Human Resources budget that is ap- 
propriated by the Congress. It is not my management responsibil- 
ity, fiscal or otherwise. 

I low those programs wo^k is that research directors get their re- 
search account. They then, in collaboration with our Office of 
Budget and Control, negotiate a target that says for this fiscal 
year, I will commit X amount for these activities, one of which is 
RUI. 

The program people, the proposals come in 

Mr. Wolpe. Negotiate with who? 

Dr. Williams. Basically with the director of the Foundation, who 
has to approve it. They set a target in terms of monies they are 
going to spend, five of them. So in effect there are five programs, if 
you want to view it that way. Their people set the targets, they 
review the proposals, they make the merit review, they make the 
funding decision. 

It is important for the Foundation — I would argue — at the end of 
a fiscal year to have a report that shows what in fact has been ac- 
complished. The policy committee that I chair has tha* as a con- 
tinuing responsibility. That report will have bearing on how the 
targets are set for the next year. 

The question is, should we have in effect a mailbox, and that's in 
my judgment, basically what the coordinating role was. A person 
who was conducting it had no management responsibility, had no 
control over finances, but was very important in having a contact 
with which the community could interact. 

From the comments I have heard regarding it, I am certainly not 
adverse to reconsidering it. But if it were reconsidered, the goal 
would quite frankly have to be somewhat more substantial than it 
being a mailbox. The person really is in effect coordinating. 

Mr. Wolpe. It was not just in the testimony today. The letter 
from Project Kaleidoscope to Dr. Massey, states: "Given its distrib- 
uted nature, strong oversight of RUI by a single office must be 
reinstituted." So this is not 

Dr. Williams. But I don't think there was strong oversight in the 
first instance. The way I do bottom lines is that the person didn't 
have control over the budget, the person did not have control over 
the review of the proposals, did not have control over the award 
process, so at best what the person could do was provide general 
advice before the proposal was submitted and collect the informa- 
tion from the research directors and prepare a report. That was 
not really oversight. Coordination, maybe, but not oversight. 

Mr. Wolpe. But you would not be adverse to having more power 
to oversee the program? 
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Dr. Williams. No, that's not what I said. 
Mr. Wolpe. I was asking you a question. 

Dr. Williams. I don't seek it. Let me tell you what I would like. I 
would like the RUI program internally in the program office in 
each of the Directorates, myself, the assistant directors, the direc- 
tors of the Foundation, but most importantly the community that 
is served, all of us in unison, to feel that it is a highly valued pro- 
gram and it is working. What I am interested in are what are the 
deficiencies now in addressing them. 

It seems to me it is important to have, if this is the case, to have 
some identified individual from the vantage point of the communi- 
ty, who could be helpful. But what I cannot do by definition is 
change those fundamental responsibilities that reside in the re- 
search Directorates. That is going to remain. 

Mr. Wolpe. I understand that. But if I understand the thrust of 
earlier testimony, there are two or three different issues involved. 
One is that first of all, the targets have been reduced, at least the 
allocation of funds have not been sustained, commensurate with 
the need. 

Dr. Williams. Absolutely. But that's true of everything. 

Mr. Wolpe. I understand that. But to the extent— going back to 
the point you made that you don't have a separate budget item 
that could be pulled out and given a separate budget itemization, 
particularly in this climate, it may be more important to make 
that happen. 

The second issue is the manner in which funds get allocated. We 
heard some testimony indicating that the criteria for the allocation 
in some instances seems to be off target in terms of the central 
mission and purpose of the RUI program. 
Dr. Williams. Right- 
Mr. Wolpe. I take it that was the reason for the desire that there 
be a central focus, a coordination. 
Dr. Williams. Right. 

Mr. Wolpe. The third issue is the notion of mission, that is with- 
out someone that really sees that as his or her principal manage- 
ment function, you don't have a heck of a lot of effective focused 
advocacy. 

Dr. Williams. Okay. On the last point 

Mr. Wolpe. I have no objection if 

Dr. Williams. Let me respond, then I will have David respond. 
On the last issue, that's the one that quite frankly I am most- 
well, I am open to all considerations. But that's the one that seems 
to me could result in enhancement, if there was someone whose 
primary responsibility was to make sure they really understood the 
program and worked effectively with the community. 

On the other two issues, the targets have been reached, they 
have been exceeded. They have been exceeded even in the years 
when the research Directorates took reductions in budget. So that 
in my judgment is not an issue. In fact, this year I can te\l you 
where the results are. 

The example that was cited about presumably the several re- 
views where there were inappropriate statements, sadly, in the 
peer review process that happens. That imperfection is no greater 
in my judgment in this program than elsewhere. Having one coor- 
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dinator who is still not a program officer in the research director- 
ate where the review is actually taking place is not going to mate- 
rially contribute to that process. 

The last issue you cited is the one which we could actually think 
of ways to try and address. 

Mr. Wolpe. The decision to remove Education and Human Re- 
sources as the central coordinator was made by the EHR policy 
committee, is that correct? 

Dr. Williams. Right. That's correct. 

Mr. Wolpe. At a meeting in December, as far as I can tell? 
Dr. Williams. Right. 
Mr. Wolpe. Thank you. 

I would like to ask unanimous consent to enter into the record 
the response that we received from NSF to a subcommittee docu- 
ment request that details that decision. I think you are familiar 
with the memos. 

[The information follows:] 
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NATIONAL SCIENCE FOUNDATION 
1100 0 STREET. N.W. 
WASHINGTON. D C. 30560 



OFftCIOFTHl 

*M*TAHTO.MECTC* Jul? t # IfSl 




Tha Honorabla Howard wolpa 
Chairman 

fubocnaittaa on mvaatigationa and Ovaraight 
coaaittaa on floianca, spaca, and Taehnology 
2320 Rayburn Kouaa offica Building 
U.S. Kouaa of Rapraaantativaa 
Washington, DC 20515 

Dsar Chairman Velpai 

inoloaad ara docuasnts you raquaatad ralating to raoant changaa in 
tha coordination of aavaral prograaa in tha Sdueation and xunan 
*aaouxcss Diraotorata at tha National loianca foundation. 

Tha SHK Policy Conaittaa ia a working group coapriaad of tha 
raaearoh Assistant Diraotora, ohairad by mysslf. «s ara not a 
standing conaittaa of tha foundation, hut naat informally to 
diaouaa aanagamant and policy iaauaa ralattd to all of tha 
foundation's education and human raaourcaa aotiwitiaa, Aa such, 
our group doaa not prapara or kssp ninutss. 

I aa forwarding this natarial, but I would rs^uaat that ainoa aoaa 
of it could ba axaapt froa diaclosura to tha public in ordar to 
aafaguard tha dalibarativa procaaa of tha foundation, It net ba 
dissaainatad bayond tha Conaittaa and ita ataff. 

X appraciata tha opportunity to ba of atsisttnos to you and tha 
conaittaa and X look forward to tha haaring aa fourcaa of futuxa 
xassaroh scientists on Thuraday. 

lincsraly, 



Luther a. tiiiians 3 
Assistant Oiractcr 

tnoloaura 



T»tephon« (202) 367-7557 FAX (202) 357-M13 




206 



WASHNQTON, O.C. 20450 




cr*ctc*-n« 

ASSSTJWTOWlCTOa 
fCAfPUCATlONAMO 
HUMAN ftCSOUAOSS 



December 26, 1990 



MEMORANDUM 



Raymond Bowan 



Charles Brownsteia 
Kary Clutter 
Robert Ccrell 
David Sanchez 
Karl willenbrock 



SUBJECT: Cross-Directorate programs 



At our December 18th meeting, we (the EHR Policy Committee) decided 
that the following croas-direotorate programs, for which the 
research directorates have management and fiscal responsibilities, 
would be transferred in full to the research directorates. Thus, 
this memorandum is to reiterate that decision and to recommend to 
the Acting Director approval of the transfer of program 
coordination responsibility from the EHR Directorate to the 
research directorates for: 



(a) Research Experiences for Undergraduates (RED) - 
(already accomplished) ; 

(b) Research in Undergraduate institutions (RUI); 

(c) Minority Research Initiation (MRI) 

(Planning and regular) grants; 

(d) Research Planning Grants (RPGs) 

and Carter Advancement Awards (CAAs); and 

(e) The Precidentlal Young Investigator Program 



FROM: 



Luther S. Williams 



Luther S* Williams 



cc: Dr. Bernthal, O/D 
Dr. White, O/DD . 



T«WphOf* (202) 357-7557 FAX (202) 357-661 S 
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120] Fro*: rbowen at fiafll 2/>/U StSOTM (3CI9 bytea: 31 in) 
To: lwlUia* *t HOTS 

ce: cbrownet it KOtt, dJanchea at KOTI, *wilienb at KOTI, aflutter at mote 
rcorall at asfl2 ' 
beet jawbite, £bo*en, waeler* akeawuta, pberer 

Sublet: ClirifiCAtion??? 4 ?? 

........ Meaaago Cent ants ~- 

I need iom clarification on a couple of laauea which we 
dlacuased at the laat SB* policy coasaittee meeting. 

The firat iaaua concerns the amount of now money available 
in FY92 for TAX. loth Dave tenches and X thought wo hoard 
you indicate that in TY92 yoc wore recreating for IMA an 
additional I2.5M+ for PAW. This roomiest, if funded, would 
yield *5K> to aupport tho •aocond fifty* r*jr« fro* tho FYU 
solicitation and tho aocond yoor of tho "first fifty". 
During a conversetion with aoao of tho EHG ataff concornod 
with FAH, ono of than pointed out thit tho FC92 budget 
requeat for PAM only ahowa f2.f5M. (So a page 
EKK-26) . Eithar Davo and 2 mitundoratood, or you sust hare 
a one othot idaa aa to how to fund tho aocond fifty. Pleaae 
help ua undoratand how tho tooood fifty will bo funded. 

Tho sensitivity of tho number and how thoy aro funded ir 
driven by By discomfort ovtr tho aaall allocation (5) froa ^ 
tho first fifty which tm la supposed to rocoivo. If wo 
ahould and up funding only fifty, thon wo must coawj to acw 
agreement on a naw distribution. 



Tha socond issue concorns tho preliminsry discussion wo had 
about sssigning carta in EHR programs to tho otnar 
Directoratea. I indicated our Inters at in eaauming 
responsibilty for tho HRI program. In taking this position, 
I aaaumed that MM in^olvod worXlng with minority 
institution* ratha,*.- chan with minority invoatlgatora, 
rogardloaa of institution, if tho lattor ia the cast, than 
I would liXo tha opportunity to loam aoro about tho 
roaponsibiiity boforo Z coaxal t our people. If tho £ormer is 
tho csso, thon wo srs vary »uch intorostod. Through an 
Initiative startod by John Khite last yosr, wo have 
established reiationshipa with tho HBCU's which have 
Engineering programs. Wo would llko tho opportunity to 
anlargo thaaa relationships with othor minority 
inatitutions. I slso undorstand that you novo a Resssrch for 
Kinority Scholars program, Wo havo an intoraat in this 
program ahould it ba ono whien you put on your Hat for 
distribution. 

If it worXs out that MRI ia net tho program for us, vo do 
want to do our ahart by accepting othor responeibilitiea 
As would probably all directorates, wo would enjoy having 
responsibility for the PYI program. Sharon KiddleCcrf, of 
our EXD Division, is expert on the current program and would 
bo a reliable staff person to sssigu to this 
responsibility. 



I hope you had s good £HR rat rest. I will be out of town 
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during tbm vok of fob 11. X will bo r**di^ ay taall 
during p«rt of t&« «Nk should you vans to tasvor tnl* noto. 

ThftAfcl 



209 



O 7. 




cms CF THE 
Attl3TAMTC*tCTO* 
POAIIDUCATIOHAM) 
HUMAMAOQUftCU 



1«00OSTHGFT,HW. 
WASHi«TON.O.C 7X60 



February 19, 1991 



MEMORANDUM 



TO: 



Ray Boven f 
Charles Brovnstein 
Mary clutter 
Robert Corall 
David Sanchez 
Karl Willenbroc* 



Luther S. Williams Ku.fJ<K £ v Ua&- 



FROK: 

SUBJECT: Cross-Directorate Programs 

S^? 08 * ^i 0 * 1 ? * Mtin 9' va (tha EHR Policy Committee) decidad 
that the following cross-directorate programs, for which tha 
rasaarch diraotorataa hava management and \ SSiJ^iSSt£! 
would ba tranafarrad In full to tha raaaarch directorates 
specifically, it is requested that tha Acting Director approves the 
transfer of program coordination x^&SSct%SL ^ an 
Diractorata to tha raaaarch directorate* as ahown balow. 

<a) aitla r< ^^ >CP#ri#nCta ' t0r 0n4 * r ? r * du * t «« (ROT) 

(b) Raaaarch in Undergraduate institutions (RUI) - 
Ho assignment necesaary; 

(c) Minority Research Initiation (KRI) 

(Planning *and regular) grants, ENG ; ar.d 

(d) Research Planning Cranta (RPgs) 

and Career Advancement Awards (CAAs) , BBS 

cei Dr. Frederick Bemthal, o/D 
Dr. John White, O/DD 
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NATIONAL 4C*CNCC FOUNDATION 

WASHINGTON OC 20**0 




February 25, 1931 



'Oft «M««HCCI*INO 



MEMORANDUM 

TO: Luther S. Williams 

Assistant Director, EHR 

FROM: Ray M. Bowen y^^af sW* 

Acting Assistanytforector, ENG 



SUBJECT: Cross-Directcrste Programs 




The purport of this memorandum is to alert you to a sxall ^oint 
which wae overlooked in your memorandum of February 19, 1221 to the 
members of the EHR Policy Committee. In an Email message to you 
dated February 7, 1991, I requested more information about the 
Minority Research Initiation (KRI) program prior to ENG assuming 
responsibility. I explained in that message ve are intereeted in 
lncreaeing our activities with Minority institutions. if the 
program also involves the administration of awards to minority 
researchers regardless of their institutional affiliation, then we 
would like to learn more about the program prior to accepting 
responsibility. In the same Email message, X expressed an intereet 
ir ENG having a role with your Minority Scholars Program. 

If you will identify a contact person within EHR for the KRI 
program, we will study this program further. Thank you for your 
attention to this requeet. 



Copy furnished: 

Dr. Freder^k M. Bernthal 

Dr. John A. white 

Dr. Wilbur L. Meier, Jr. 
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Mr. Wolpe. I am raising this in part, because I am anxious to get 
a little clearer understanding about the decision-making process 
here. Just from an oversight standpoint, I would like to know how 
decisions get made. I think that would be useful for us to under- 
stand policy outcomes as well. 

Before doing that, Dr. Sanchez, would you please stand? 

[Witness sworn.] 

Mr. Wolpe. You had wanted to make a comment, so please go 
ahead. 

Dr. Sanchez. Mr. Chairman, thank you for allowing me to speak, 
and I want to thank the leaders and faculty of the four-year col- 
leges who have played such an important role in bringing forth our 
country's future scientists. 

I want to talk about commitment very briefly. The Mathematical 
and Physical Sciences Directorate, of which I am in charge, the 
MPS target for the four programs in question, RAW, MRI, RUI, 
REU, was $11.2 million. We awarded $12.9 million. That $1.7 mil- 
lion came out of our research base. 

In 1991, for which we don't have the full figures, for instance the 
target within the RUI within our Directorate is $4.1 million. We 
have already obligated $6.4 million. Targeted funds are used for 
targeted programs and they are not moved back to the research 
base. 

We use as much as possible the award figure of the previous year 
as the target for the next year. Hence, growth is built in, and it is 
demand-driven. 

Talk about special responsibilities — research Directorates feel 
very strongly their key role in undergraduate education with the 
Federal EHR initiative. Let me give you a real simple example. 
Many of us have realized the paucity cf upper division undergradu- 
ate courses in material science, one of the top priority sciences in 
the coming decade. 

Within our 1993 budget request, I have assigned approximately 
$1 million to be used for developing such courses. I didn't ask Dr. 
Williams, I implemented the recommendation for the academic 
community, my own program officers. 

Pride of ownership — what was described above was basically ac- 
complished because of the pride of ownership of programs as Mi- 
nority Research Initiation, Research Awards for Women, Research 
in Undergraduate Institutions, and Research Experience for Un- 
dergraduates, by the research Directorates, which knowing bu- 
reaucracies as you gentlemen do, would not occur, I believe, within 
a centralized management structure. 

The advocacy of these programs by the research Directorates is a 
key factor in proposing commendable increases suggested by the 
Project Kaleidoscope report. I suggest, as Dr. Williams had alluded 
to, that most of the problems described in management can be 
solved by better informing program officers and better internal Di- 
rectorate coordination and information dissemination. 

Dr. Sullivan very aptly cited the very important synergy between 
the NSF program officer and the college professor which is what 
makes for real success. That's what I want to emphasize, that that 
occurs because we have a pride of ownership in the program, and 
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we manage the program, and a large part of it comes out of our 
own research base. 

Mr. Wolpe. Let me just say that I think the Project Kaleidoscope 
report, the witnesses' testimony today, and I might say, this com- 
mittee historically, has really urged that the coordination and over- 
sight responsibility for these undergraduate programs be horsed, 
undertaken, by the Education and Human Resources Division. 

I think the intent of this committee was certainly clear, and this 
change in policy by NSF, I certainly think, flies in the face of what 
had been the intent expressed by this committee. 

In light of the history that we came upon in looking at RUI for 
this member highlighted the validity of the original concern and 
set of recommendations. I want to go to that at this point. My un- 
derstanding is once this informal group had made its recommenda- 
tion, that there was no — while the decision had been made to 
transfer responsibility out of the EHR, there was no final disposi- 
tion of these programs actually included in the memorandum that 
was issued at that point. 

In fact, according to the message that Dr. Bowen, a member of 
the EHR policy committee, sent to you, Dr. Williams, on February 
7, I think you have the exhibit in front of you, according to this 
message the policy committee had preliminary discussions, not a 
decision, on these programs. 

Was there a decision made at this policy committee meeting as 
far as you were concerned? 

Dr. Williams. Yes. What is reflected in the first memo is what 
we decided. We basically went program by program and asked the 
following question. REU, as you know, is distributed to the re- 
search Directorates. It would be important to— I'm talking about 
two components of REU, to be precise. One is a supplement to a 
research grant, and that's not an issue. 

Mr. Wolpe. Well, apparently not everyone at the meeting was 
aware that a decision was made, is that correct? 

Dr. Williams. Yes, a decision was made. 

Mr. Wolpe. But apparently not everyone was aware of the fact 
that a decision was made. Is that an accurate statement? 

Dr. Williams. If you take literally Bowen's note to me, yes, that 
would be correct. We met and we made a decision. The decision is 
exactly what I have in my memo. 

Mr. Wolpe. In a February 25 memo, Dr. Bowen again expresses 
concern about accepting one of these programs. 

Dr. Williams. That's right. 

Mr. Wolpe. This program was not transferred to Dr. Bowen's 
office as stated in the February 19 memo, is that correct? 

Dr. Williams. That's correct, in response to that. That's the one 
that was retained in my Directorate, the Minority Research Initi- 
ation, and that's why it was retained. 

Mr. Wolpe. And the RUI program, the memo says it has no as- 
signment? 

Dr. Williams. That's right. What I mean by assignment is that 
no one — we decided, as I indicated to you earlier, that we could 
manage without coordination. So no Directorate was assigned that 
coordinating responsibility. That's what it means. 




213 



What was being transferred is the coordination responsibility, ev- 
erything else. 

Mr. Wolpe. What comes across, though, is a judgment that the 
program was working well while it was being overseen by Educa- 
tion and Human Resources. So the policy committee decided to 
remove it from Education and Human Resources. 

Dr. Williams. Remove the coordination, right. Well, the policy 
committee decided the coordination was not necessary. The merit 
of the decision is debatable. But that was the decision we made. 

Mr. Wolpe. Well, I welcomed your indication of a reassessment. 
Because I think there is substantial 

Dr. Williams. Well, it's entirely reasonable. Let me make very 
clear and reiterate what I said earlier. It's true of RUI, and of all 
of our programs. The objective is to use a limited resource base to 
support a program designed by the very best advice we have to 
evaluate the program as it proceeds in order to ensure that it is as 
efficacious as possible. If one of the rate limiting events is that 
there is a problem in terms of coordination or related issues, then 
indeed we should reexamine it. 

Mr. Wolpe. Let me just say that one element of this whole exer- 
cise that was a bit disturbing is that our staff had to discover this 
change in policy. When the decision to transfer programs was 
made, back in February, a lot of folks over at NSF had had the op- 
portunity to share that decision with this committee and it was not 
done. 

I would hope that in the future you could keep us informed and 
we could have a closer understanding of precisely what was con- 
templated and why, particularly in this instance where there is a 
violation of what had been established. 

Dr. Williams. I will show you an instance of where an Education 
and Human Resource program will do just that. 

Mr. Wolpe. I also think we do remain concerned about this and 
the other undergraduate programs that operate across the Direc- 
torates of the NSF. That's not to take away anything from the 
commitment of specific research Directorate heads, but it is to say 
that we want to be certain we don't lose focus, that the community 
of people that are so dependent on these feel that they have both 
an advocate, a mission and focused coordination. 

Dr. Williams. I know it's difficult to convey what I am about to 
say in this setting. I am not concerned with that issue. It's possible 
that I could be concerned. The reason I am not concerned is the 
quality, the candor, of the interaction that I have with the policy 
committee and the assistant directors. There is no lack of consen- 
sus in terms of what we are attempting to accomplish and the will- 
ingness to operate in a collaborative mode. 

Mr. Wolpe. Let me say I don't question your personal commit- 
ment. 

Dr. Williams. It's not my personal 

Mr. Wolpe. Or that of other individuals that are involved here. 
But I don't want to see a situation that is dependent upon personal 
commitment. I would like to have an institutionalization of the 
process that can guarantee some continuity. 
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I must also go back to what I said in my opening statement. I 
have to tell you, the interaction that took place between the 
member of your Foundation, Mr. 

Dr. Williams. Yes. Mr. Danek. 

Mr. Wolpe. Mr. Danek and my staff, it was frankly shabby. 
There should never have been that kind of conversation. And I was 
concerned about the nature of the interaction with my staff as to 
what it might say about the nature of the interaction between him 
and other staff. That kind of bureaucratic thing is not helpful. We 
are not here to do anything but try to help solve some problems 
and work with you to attain a solution to those problems. 

So I hope that a message may be conveyed in the strongest possi- 
ble way. 

With that, Mr. Nagle. 

Mr. Nagle. Let me pursue the question that has been supplied to 
me by OTA. What would NSF say is the most constructive role 
Congress could play, aside from the provision of more funds? 

Dr. Williams. I think we have in fact for several years— I will 
restrict my comments to the undergraduate arena — several years, 
almost now a decade, of growth in the budget. What that translates 
to is several years, five to seven years in some cases, of the pro- 
gram. 

As has been indicated, the Foundation resource base is such that 
in trying to serve programs, undergraduate programs and research 
institutions, comprehensive institutions and the institutions repre- 
sented by Project Kaleidoscope, it is very important that we have 
some reasonable sense of the difference that these programs are 
making. Because NSF's role is important but limited. 

I would welcome the periodic queries from ths Foundation with 
respect to what this growing enterprise is translating into, and 
what difference it is making. 

I spoke earlier, and the other witnesses agree ; that one of the 
most important things we have done, last year, was to start this 
attack on introductory courses, first-year courses. Several years 
out, we would like to know, are we occasioning the requisite 
change that we seek. So I don't know what the right words for that 
are, but something of that sort, beyond the important role in pro- 
viding funds. 

Mr. Nagle. This is an aside, but I have to tell you that I was not 
terribly impressed with the commitment of the Administration. 
The President announced a new educational initiative this week, 
kind of taking a tin can, going around to the corporations and 
asking them to donate money. 

It's kind of a national educational policy, a modern equivalent of 
the March of Dimes. Maybe we could do it in movie theaters 
during introductions, too. Why should just corporations be in- 
volved? That constitutes the national response to the crisis we 
have. I think we need much more leadership from the Administra- 
tion in terms of support for funding and the challenge. And I found 
that disconcerting. 

But the testimony we had today focused on the failures of our 
larger research institutions to effectively participate in undergrad- 
uate education. Is NSF looking at that at all in any direction or 
concept, or discussion? What's going on? 
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Dr. Williams. Yes, that's why I made the statement that the 
Project Kaleidoscope report, though a priority, is put in the context 
of other reports. We have actually looked at the issues. We have 
looked at another area of equal concerns, the two-year institutions, 
an issue where one cannot even begin to separate the broad issue 
that Dr. Cole was talking about with respect to minorities, because 
of the substantial enrollment. 

There is a very real problem there. But I want to make quite 
clear what I think is NSF's role in dealing with the broad issue of 
research and education, as exemplified in research institutions. 
Certainly we can be helpful, catalytic, try and provide leadership 
and continue to raise the issue of achieving a more reasonable bal- 
ance between teaching and education. 

But ultimately, the driver for that disparate circumstance, as 
you heard this morning, is the value system of the university, the 
reward and value system, which I do not see as NSF's mandate. 
Nor if we were to incorrectly assume it, in my judgment, could we 
do very much about it. 

Mr. Nagle. The thing that scares me about that is what I said 
earlier, and I don't necessarily disagree with all of what you said, 
but I am concerned that NSF has perceived its role as one of a 
stimulator and once it stimulates, it moves on. We don't have a 
continuity that is necessary to sustain programs. 

Dr. Williams. That depends on the program. 

Mr. Wolpe. I am a little disturbed by that. And I agree with the 
analysis of the value structure of the universities themselves being 
a principal determinant of the output. 

But I disagree sharply with the suggestion that the Government 
and Government policy cannot play a role in helping to provide 
new direction if there is an area of major deficiency. And if in fact 
one of the things we are learning is that the educational base of 
science and math education, that is the teaching base, if you will, 
of science and math education, is so deficient, then it becomes to 
me pretty self-evident that one important role NSF can play is to 
put more resources into expanding its educational capacity than it 
has historically, that you shift the emphasis to deal with that par- 
ticular deficiency. 

Whereas, I think at least historically, the perception has been in 
the academic community that NSF gave grants for research, rather 
than grants for curriculum development, or grants to enhance edu- 
cational teacher capacity. So I guess I am a little resistant to the 
way in which you have rejected the NSF's role there. 

Dr. Williams. I'm sorry. I didn't categorically reject it. I tried to 
define its role. I fully agree with what you just described. But that 
is limited. The point I was making with respect to research univer- 
sities, that is a fundamental issue, integral to the reward system of 
research-intensive universities. 

Rather than taking that on per se, what NSF should do and 
what NSF is doing is exactly what you just described. It is provid- 
ing increasing support to the undergraduate math and science and 
engineering component of those institutions. 

But the question is often raised that if we could just reform — I 
spent nearly 20 odd years at universities before coming to NSF 
myself, most of which were research institutions. While the state- 
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ment is often made that the NSF or the NIH grant is the driver, 
the fundamental issue is the definition of the professorate. If you 
are in a research-intensive university, primacy is assigned to a re- 
searcher scholarship. There is in my judgment no fundamental way 
NSF is going to do very much about that issue. 

What we can do something about is precisely what you just 
stated. We can continue to make substantive investments in under- 
graduate education. At the margin, that will make some difference. 
But ultimately the larger issues stand. 

Mr. Wolpe. I would argue that — I don't think we are quite 
saying the same thing. If in fact one of the major reasons we are 
not getting enough folks going into math and science generally and 
specifically, people from underrepresented groups, minorities and 
women, is because of the poor fashion in which science and math 
are taught, beginning in the K-12 and onwards into the undergrad- 
uate level of college, then I would think NSF ought to say that, 
very loudly, very dramatically, very clearly, that that is a major 
deficiency. You ought to be leading on that. 

Dr. Williams. We do. We do say that. 

Mr. Wolpe. I think to the extent that there is a much more fo- 
cused — not looking at this as something you impact at the margin, 
but rather that a central mission of NSF ought to be to address 
this teaching, educational deficiency right now, it would be enor- 
mously helpful and ultimately impact upon the ethos and the un- 
derstanding of these large institutions that now define themselves 
so heavily in research terms. 

Mr. Nagle. If the gentleman will yield, I have been in this room 
for five years. I really hoped five years ago when I heard the kind 
of testimony that I heard this morning that five years later I would 
not have heard this kind of testimony I heard today. I have not 
seen a creative, energetic response from NSF to a continually grow- 
ing crisis, other than continuing to try to stimulate. 

I think you have to be more aggressive. I think you have to push 
much further, and I think you have to push for more of a continu- 
um. 

Dr. Williams, I would add in your defense you haven't been 
there, it's not your fault. Nevertheless, I read the Neal report when 
I first got here, and I read the PKAL report. I am somewhat as- 
tounded to see if there is a difference between the two. I know 
there are differences, but in essence the message is the same. We 
ain't getting the job done. The policy response of NSF seems to 
have been that we ain't going to get it done, that we can't do any- 
thing about it, that it's too bad. It's unfortunate, we will do what 
we can around the margins. 

But we have wasted five years, and it appears to me if we contin- 
ue with the same policies we are going to waste the next five, and I 
will be here 10 years from now and get the same kind of testimony 
again. 

Dr. Williams. Maybe it's less than five. I would like to take a 
moment to tell you what we have done in the last year or so, that I 
think is different. 

On the broad issue, Dr. Cole spoke about the broad issue of mi- 
norities, independent of institutions. We now have in place what I 
would call a comprehensive program that basically starts at middle 



2Zj 



217 



school and ends with a doctorate degree, comprehensively address- 
ing that problem, including within the undergraduate arena, a $10 
million effort that only deals with minorities at the undergraduate 
level in science and engineering. 

We have this undergraduate Course and Curriculum Develop- 
ment effort that is not a short-term model. We view this as a sus- 
tained effort that is going to take a considerable period of time to 
really reform undergraduate and freshman level courses. It was 
not designed as a model or an experiment. 

We have initiated another program that focuses, a similar kind 
of effort, that focuses on women. Engineering curriculum, the un- 
dergraduate engineering curriculum has not really been compre- 
hensively examined in 25 years. We have in place now the Engi- 
neering Directorate, several multi-million dollar coalitions that are 
going to run for a considerable period of time to completely revamp 
engineering education, which we cannot do without dealing with 
the pre-engineering courses that address it. 

We are in the third year of a major program dealing with calcu- 
lus, calculus in all institutional settings, liberal arts institutions, 
two-year institutions, research institutions, etc. So there has been, I 
would argue, a change in the focus of the Directorates programs, to 
what I would term more comprehensive, more reformed operations. 

Mr. Nagle. I thank the Chairman, and I thank you. It has been 
a very valuable hearing for ine. I want to thank the other panelists 
that are still here. I have enjoyed it. I am somewhat saddened by 
it, but I do appreciate it. It is deja vu all over again. 

Mr, Wolpe. Dave, I wonder if we might just ask OTA, as our last 
question, this will close out the hearing today, if you might — what's 
your reaction to NSF's progress to this point? The statement that 
has just been made, how would you respond in a critical way to the 
adequacy of NSF's response to this crisis? 

Dr. Chubin. I guess I am now placed in a position of disagreeing 
with everybody. 

Mr. Nagle. You'd fit right in around here. [Laughter.] 

Dr. Chubin. Right. OTA has been looking over NSF's shoulder 
for at least three or four years now, on science education matters, 
particularly at how education fits into the research mission of the 
Foundation. So I have several responses. 

I think organizationally NSF is much better off now, since it re- 
organized into an Education and Human Resources Directorate, 
than it was before. I think it has gotten serious about undergradu- 
ate education. It took them a while, but they did, and I have told 
Luther this privately and publicly. 

It is now starting to get serious about K-12. And I am convinced 
that the leadership understands that this notion of a system that is 
connected from maybe even pre-kindergarten through graduate 
school and into the early professional career is only going to be as 
strong as its weakest link. There need to be ways of making con- 
nections among these various stages of the system. 

It is clear to OTA that NSF knows that. They have diagnosed 
that. And now the question is, how do they make some changes all 
along the pipeline? Particularly since they don't have the resources 
to do it adequately, in my view. 
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I now will part company with Dr. Williams a bit. I think it is not 
the role of the Federal Government to dictate what the reward 
structure should be on campus. That's what local educational lead- 
ership is all about. And we heard from many leaders today, and 
they are aware of what needs to happen. 

Dr. Williams. Right, that's what I said. 

Dr. Chubin. In this particular case, they are able to push the 
right buttons. However, that is not to say that NSF— and it's not 
just NSF as the FCCSET committee report makes it very clear that 
this is the responsibility of all the research agencies, all of whom 
have educational programs. It is going to take an effort that brings 
all those together, across all stages of the system. 

I believe that NSF, like the other agencies, has programs for the 
very purpose of providing incentives to make people change their 
behaviors. If NSF wants to get universities to reward undergradu- 
ate teaching, they can find a way of doing it, I have confidence in 
them. 

Mr. Wolpe. Thank you very much. 

My ranking member, Mr. Boehlert, was unable to be here today, 
but has asked that his introductory statement be entered into the 
record. Without objection, it will be entered. I know that he shares 
many of the concerns we have discussed today, and I think he will 
be communicating directly with NSF, expressing those concerns. 

[The prepared opening statement of Mr. Boehlert follows:] 
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TRADITIONAL AND NON-TRAnrT/|0 N AL SOURCES OF F IJTURF RF-SFARCH 
SCIENTISTS 

Statemeivt by the honorable Sherwood boehlert (r-NY) 



I want to thank you, Mr. Chairman, for calling this hearing on undergraduate science 
education. I also want to welcome our distinguished witnesses and thank them for the 
excellent written testimony they have submitted. 

This is not the first hearing on science education, nor will it be the last, but this 
hearing, building on the efforts of the Kaleidoscope Project's report, focuses our 
attention on important and often underrepresented elements of our nation's 
undergraduate science enterprise. Small colleges-liberal arts colleges, historically 
black colleges an * universities, women's colleges-have an outstanding record of 
success in science od math education. This success can be measured in terms of the 
number of science n^jors who leave these schools and go on to graduate work in the 
sciences. It is also evident in the large, if u«;uantifiable,number of students who 
graduate from these schools with no intention of being professional scientists, but they 
leave their undergraduate Institution as citizens literate in the sciences, able to face the 
challenges of our technologically complex world. 

The witnesses appearing before us today will help highlight what these schools do well- 
-oftcn better than any other institutions- what others may learn from their success, and 
also how these schools may do even better in the future. 

The Federal government has an important role to play in setting out incentives that 
reward professors for actively engaging in both teaching and research scholarship. I 
look forward to hearing from Dr. Daryl Chubin of the Office of Technology 
Assessment and Dr. Luther Williams of the National Science Foundation on what the 
Federal government, most specifically NSF, can do to help create and reinforce these 
incentives in the effort to build science communities. 
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Mr Wolpe. Let me express my appreciation to both Dr. Chubin 
and Dr. Williams for your testimony today and for your assistance 
to this committee. , 

Thank you very much. The hearing stands adjourned. 

[Whereupon, at 1:09 p.m., the subcommittee adjourned, to recon- 
vene at the call of the Chair.] 
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APPENDIXES 



NATIONAL SCIENCE FOUNDATION 
WASHINGTON DC 20550 



OFFICE OF THE 
DIRECTOR 



The Honorable Howard" Wolpe 
House of Representatives 
1421 Longworth House Office Bldg. 
Washington, D.C. 20515 



Dear Mr. Wolpe: 

I have become aware of your comments at yesterday's hearing 
before the Subcommittee on Investigations and Oversight regarding 
the poor impression conveyed to you and your staff by inquiries 
from my staff. 

First, let me assure you I appreciate and share your strong 
support for undergraduate research and education programs, 
including the Research in Undergraduate Institutions program. I 
regret that there has been confusion regarding Foundation 
management of the program. This program is supported across NSF 
by our research directorates and enjoys significant success and 
popularity. 

It is my immediate intention to review thoroughly how well we are 
managing the program and responding to the external community who 
want information about it- Where we find deficiencies we will 
make corrections. I will keep you informed about results and 
would be glad to discuss this personally with you and other 
interested committee members at your convenience. 

I also am taking several steps to sensitize my staff to their 
responsibilities regarding complete and open responsiveness to 
Congressional and to public requirements for information. 

Your support for the National Science Foundation is deeply 
appreciated. 



Sincerely, 
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NATIONAL SCIENCE FOUNDATION 

1800 G STREET, N.W. 
WASHINGTON, D.C. 20550 




September 13, 1991 



OFFICE OF THE 
ASSISTANT DIRECTOR 
FOR EDUCATION AND 
HUMAN RESOURCES 



Honorable Howard Wolpe 
Chairman, Subcommittee on 

Investigations and oversight 
Committee on Science, Space, and 

Techno logy 
U. S. House of Representatives 
Washington, DC 20515 

Dear Mr. Chairman; 

X am enclosing answers to your questions posed August 9, 1991, as 
a result of the Subcommittee hearing of July 11, 19 91, on 
"Traditional and Nontraditional Sources of Future Research 
Scientists". 

As you know, the Director of the National Science Foundation has 
vested coordination and management of the cross-directorate 
activites at NSF in the Directorate for Education and Human 
Resources. Accordingly, X have revised the duties of Dr. Peter 
Yankwich, who has functioned as the Directorate's Executive 
officer, permitting him to assume overall information and 
coordination responsibility for all the referenced cross- 
directorate programs. X will soon inform our external communities 
of these actions. 



Sincerely, 



Luther S. Williams 
Assistant Director 



Enclosure, 



Telephone (202) 357-7557 



FAX (202) 357-9813 
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QUESTIONS SUBMITTED FOR THE RECORD BY THE HONORABLE HOWARD WOLPE 

!• Plaaae provide the budget targets and actual (or estimated) 
expenditures for the Research in Dndargraduata Inatitutiona 
(RtJI) , Research experiences for Cndargraduataa (RED) , Minority 
Raaaaroh Initiation (MRI) and raoulty Awards for Women (FAW) 
programs within aaoh MS? Diraotorata for tha Fiscal Yaara 
1.990-91, 1991-92. 

The attached table (ATTACHMENT A) provides information on 
budget targets and actuals for the requested programs for FY 
1989-FY 1991. Only targets are provided for FY 1991 as the 
year is not yet complete. From preliminary data it appears 
that all targets will be met or exceeded as in the previous 
two fiscal years. While a target is listed for FAW, it should 
be pointed out that FAW is a line item in the EHR budget 
unlike the other programs included here. Therefore, the 
actual will be the same as the target. 

Please provide the projected budget targets within each NSF 
Directorate for the above programs for FY 1992-93. 

Targets for FY 1992 will not be set until Congressional action 
on the FY 1992 budget is complete. The targets are 
established each year when the Current plan for the year is 
developed. 

2. Please provide a summary of the decision-making process which 
lad earlier this yaar to the decision to remove coordination 
of tha REU and RDI programs from tha Education and Human 
Resources (EHR) Directorate. Please cover tha following 
points in your response: 



Data of and reason for the decision. 

Date: December 26, 19£") and subsequent senior staff 
meetings with the Acting Director and Acting Deputy 
Director, 

Reason: Management and fiscal responsibility for REU and 
RUI were (and are) vestea in the disciplinary 
di rectorates : BBS , CISE , ENG , GEO , and MPS . Proposal s 
are directed to the disciplinary programs within these 
directorates, the review of them is implemented there, 
and award/decline decisions are made there. 

Documentation of the decision-making process. please 
attach all documents relating to and documenting this 
decision, including minutes, letters, memos, electronic 
mail, notes, telephone logs and other records of oral 
communications . 
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As stated above, at its December 18, 1990 meeting the EHR 
Policy Committee decided to recommend that several cross- 
directorate activities for which EHR had no fiscal or 
management responsibil ity should be coordinated in the 
research directorates. This preliminary decision was 
communicated to the Acting Director and Acting Deputy 
Director via memo (ATTACHMENT B) of December 26, 1990 
recommending approval by the Acting Director. 

Subsequent to December 26 (see e-mail of 2/7/91 
(ATTACHMENT C) and memo of 2/25/91 (ATTACHMENT D) ) , Dr. 
Ray Bowen, ENG, states that he considers the decisions to 
be preliminary and raises the possibility that ENG may 
not wish tc assume responsibility fcr MRI . 

MPS moved immediately to begin coordination of REU 
including preparation of new guidelines. BBS initiated 
discussions relating to the issues involved in 
coordinating the Career Advancement Awards and Research 
Planning Grants for Women. 

No written directive was issued by the Acting Director 
with regard to the recommendations of December 26, 1^90, 
but the issues were discussed and decided in subsequent 
senior staff meetings. 

List names and positions of all persons involved in the 
decision-mafcing process and their roles. Specify by name 
and position the final decision-maker (s) . 

Members of the EHR Policy Committee: 

Dr. Luther S. Williams, Chair — AD/EHR 

Dr. Mary E. Clutter — AD/BBS 

Dr. Charles Brownstein — Acting AD/CISE 

Dr. Ray Bowen — Acting AD/ ENG 

Dr. Robert Corell — AD/GEO 

Dr. David Sanchez — AD/MPS 

Dr. Karl Willenbrock — AD/STIA 

Office of the Director: Dr. John White, Acting 

Deputy Director 
Dr. James Hays, Senior 
Science Advisor 

Decision-Maker: Dr. Frederick M. Bernthal 
Acting Director, NSF 

The process by which NSP offices and outside parties were 
notified of the decision. Please attach all documents, 
including minutes, letters, memos, electronic mail, 
note3, telephone logs and other records of oral 
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communications/ relating to the notification of both NSF 
officaa and outaide partiaa of the daciaion. 

The decision to transfer coordination of the cross- 
directorate programs discussed herein to the disciplinary 
research directorates was informally communicated to NSF 
program staff. No formal notification was made to 
outside parties pending review of effectiveness of 
implementation. 

3. Is there a consistent/ decision-making process in place at the 
NSF for iasuaa related to the structure/ organization and 
conduct of the above programs and other like programs at NSF? 
Please provide any documents describing the decision-making 
process and discuss in full the decision-making process/ 
including the following points: 

a. Selection of "decision-makers 11 

The new Director of the National Science Foundation has 
recently established a Director's Policy Group 
(ATTACHMENT E) whose membership is made up of the 
Assistant Directors, the Controller, and the Head of the 
Office of Legislative and Public Affairs. This group is 
the forum for discussion of issues such as coordination 
of cross-directorate programs. Preliminary decisions of 
this group are normally discussed before formal issuance 
with the Executive Council. The Executive Council is 
chaired by the Deputy Director and its members include 
the AD's, Deputy Assistant Directors, and Heads of Staff 
Offices. 

b. Documentation of decision-making process 

0/D establishing the Director's Policy Group and revised 
Executive Council is attached. 

c. Chain of approval for proposals for changes in existing 
procedures 

Suggested changes to existing procedures can originate 
anywhere in the Foundation. They would usually be 
brought to the Director's Policy Group through an 
Assistant Director. Any formal proposed decision of 
record is normally reviewed by the Assistant to the 
Director and the Deputy Director before signature by the 
Director. 

d. Method of notification of outside parties and Congress of 
any changes made. 

Normal procedure for notification of outside parties 
would include as appropriate: an Important Notice to 
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Presidents of Institutions, an item in the NSF Bulletin , 
inclusion in the annual Guide to Programs . items in 
professional society publications, discussion at public 
meetings. Congressional notification would normally be 
accomplished by formal letters and briefings to the 
authorization and appropriations committees, along with 
day-to-day liaison at the staff level. 

4. Please provide the nut, position, office and specific duties 
of all individuala (excluding support staff) currently 
involved with coordination, contact with the public, and 
preparation of announcements , evaluation and recommendations 
for the R£U, RUI, KSI and PAW programs. 

REU : Dr. Deborah Lockhart, Coordinator 

Staff Associate, AD/MPS 

From February to August 1991, Dr. Lockhart 
provided a single point of contact for questions 
from the research community (and others) about the 
REU program, including application procedures, 
deadlines, and specific disciplinary contacts in 
Divisions. She coordinated the review of new 
guidelines, including arranging for printing and 
distribution. She has also prepared an annual 
informational listing of funded projects for public 
distribution. From August to the present Dr. James 
Wright assumed these responsibilities. 



RUI : None. From February 1991 to the present research 

directorates assumed responsibility for coordination 
of this activity. 

MRI: None. From February 1991 to the present research 

directorates assumed responsibility for coodination 
of this activity. 

FAW: Dr. Sonia Ortega 

Associate Program Director 

Division of Human Resource Development, EHR 

Dr. Ortega serves as the program officer with full 
responsibility for the FAW program. She has a 
Foundation-wide advisory committee comprised of 
program officers from all of the disciplinary 
research divisions. with the assistance of this 
committee, she developed review procedures, 
established panels, coordinated award/ decline 
recommendations with research programs, developed 
material for communicating with awardees, and has 
set in [ .lace procedures for monitoring awards and 
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revising guidelines for future competitions. 

The situation described above will change during September 
1991 when a full-time Senior Staff Associate for Coordination 
of Cross-Directorate Programs will be appointed within the 
Directorate for Education and Human Resources, Overall 
coordination, contact with the public, preparation of 
announcements, preparation of special reports, recommendations 
for program evaluation and program revision will all be vested 
in this position. 
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WASHH3T0K. O.C. 



ATTACHMENT B 




«Ofi IDUCATttK AM> 
>0**A A£*OU*XS 



December 26, 1990 



KEMORAKDUW 



TO: 



Rayaond Be --en 



Charles Brcvsutein 
Mary Clutter 
.Robert Corell 
David Sanchez 
Karl Willenbrock 



SUBJECT: Cross-Directorate Program 



At our December ISth meeting, we (the EEK Policy Cceaittea) decided 
thm-c the follcuino; croaa -directorate prcgraaa, for which the 
research directorates have aaaagesent and fiscal responsibilities, 
would be transferred in full to the research directorate!, Thus, 
this cemorandua is to reiterate that decision end to recotaend to 
the Beting Director approval of the transfer of procraja 
coordination responsibility frca the ESR Directorate to the 
research directorates for: 



(a) Research Experience* for Undergraduates (RXT) 
(already acccsrlished) ; 

(b) Research in Undergraduate Institutions (RUI); 

(c) Hir.ority Research Initiation (KRI) 

(?larj*.ir.c and regular) crants; 

(d) Research Flaanir.c Grants (RPCs) 

and Career Ad%'ancesent Awards (CAAs); and 

(e) Tbe Presidential Vcung Investigator procran 



FROM: 



tuther S. Williams 



Luther S. Williaas 



cc: Dr. Semthal, 0/D 
Dr. White, 0/DD . 
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ATTACHMENT C 

(201 frees: rDOwen at nsfll 2/1/ U 5:3CfX (311 J bytes: 31 in) 
To: lwiUiaJi at MOTS 

cc: ctircwr.it At HOTt, dsanches it HOTf , StwiUanS at NOTE, aciutter at W07C, 

rcorali at nafi2 
bcc: jewMte, rbcw*n, wnaiar, Ske/wits, pnarar 

Subject: clarification????? 

— — - — . . . Katssg* Cent ant j — — - — ....... 



I need scse clarification on a ccupia of lasues woicn we 
diacuasad at the last EKR policy coonittaa Mating. 

The firat issue concern* the axsount of new aocey available 
in FT92 for TAH. loth Dave Sancnes and I thcugnt ** beard 
you indicate that In FY92 yoc vara requeating; Cor KKX an 
additional *2.5K+ fcr 7XW. Thia re<cueat, If lundad, would 
yield !5Kt to aupport the 'second fifty* rA*a fro* the 
solicitation and the aacond year of the "first fifty*. 
During a conraraatlon with sots* of the ENG ataff concerned 
with fXH, one of them point ad out that the nS2 budget 
rexruest for FAR only abova *2.<5M. (See page 
EKR-2f>. Either Dsve and : miaunderatood, or you muat have 
■ ooa othar Ida a aa to how to fund the aacond fifty. Pleaae 
help ui understand hew tha second fifty will ba funded. 

The sensitivity of tha natcar and how thay ara funded ia 
driven by diaccafort over tba snail allocation <S) froa 
tha firat fifty whicr. ENG la supposed to receive, if w* 
should and up funding only fifty/ then va cast ccoe to scoe 
agreement on a caw distribution. 



Tha second issue concerns tha preliminary discussion va had 
about sssigninc certain EKft programs to tha othar 
Diractcratea. I indicated our internet in aaausing 

reapcnslbilty fcr the HRI program. In taking thil position, 
I sssuasd that KM involved working with minority 
institutions rather than with minority inveatigatcra, 
regardless of institution. If the latcar la the case, than 
I would liia tha opportunity to learn mora about tba 
responsibility before I c«=it our people. If tha rcrrac is 
the case* tier, wa ara very »ucr. intereatad. Thrcugt an 
mi: iative started by John vnita last year, we hare 
estariisr.ec reistic.-.sr.ips the EBCV's which have 

Er.gir.^erir.? programs. We vcuid like tne opportunity to 
enlarge t. w .ese relaticmhipa with otner ainority 
inatituticns . I aisc understand that you bave a Juseircn rcr 
Kir.crity Scholars pro-gran. We have as interest ir. thia 
prcgrtr. t^cuic it f cr.e wr.icn ycu put or. your list fcr 
distr:t-t;cn. 



n it v=r<s cut that >c 

var.t t : cur s^ire t*. 

xaspcr.rirility izz 
cur EH riviaicr., is exper 
be s r«Iiiila stalf peracn tc assign to this 
raapcr.sitility. 



is zcz the prccrar fcr us, v« dc 
. iccepting ccier raspcr-sibilitiaa . 
. direct :rster, wo vcuid er."cy ^lvi-s 



Shircr. Klddladcrf, ci 



rt cr. t. v .e current program and would 



I hops you had a good EKR retreat. I will be out of tcva 
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durixg tfto ve«k of f*b 11. I will be ro*dlr.o ay Cull 
during part of tn« should you »*nt to *niw*r this aoso, 

Th*rU# 

Pay 



Ptgt 2 
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ATTACHMENT D 




February 2^, 1S91 



ki«T*«* OiMC'Ot 



MEMORANDUM 



Luther S. Williams 
Assistant Director, EHR 



FROM: 



Ray H. Seven 
Acting Assistan 1 




irector, ENG 



SUBJECT: 



Crcss-Directcr«> 



Programs 



The purpose of this memorandum is to alert ycu to a small point 
which was overlooked in your memorandum of February 19, 1991 to the 
centers of the EKR Policy Committee. In an Email message to you 
dated February 7, 1991, I revested more information about the 
Minority Research Initiation (KRI) program prior to ENG assuming 
responsibility. I explained in that message ve are interested in 
increasing our activities vith minority institutions. if the 
program also involves the administration of awards to minority 
researchers regardless of their institutional affiliation, then ve 
would like to learn nort about the program prior to accepting 
responsibility. In rhe same Email message, I expressed an interest 
in ENG having a rele vith your Minority Scholars Program. 

If ycu will identify a contact person within IKR for the >CRI 
program, ve will study this pr coram further. Thank you fcr vcur 
attention to this request. 



Copy furnished: 

Zr. Frederick y . Herr.thal 

Dr. John A. white 

Dr. Wilbur 1. Meier, Jr. 
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ATTACHMENT E 



NATIONAL SCIENCE FOUNDATION 
OFFICE OF THE DIRECTOR 
WASHINGTON , D.C. 20550 



STAFF MEMORANDUM 



O/D 91- 



12 



May 2, 



1991 



ADMINISTRATION AND MANAGEMENT 
SUBJECT: Director's Policy Group 



Since assumng the Directorsnip of the National Science 
Foundation last inonth I have recognized the need for a new senicr 
consultative group in addition to the Foundation's existing 
Executive Council. The new group — to be called the Director's 
Policy Group (DPG) — will consist of the Foundation's Assistant 
Directors plus" the Directors of the Office of Budget and Control 
(OBAC) and the Office of Legislative and Public Affairs (OLPA) . 
I expect to ir.eet with this group weekly to seek their advice and 
assistance on a wide range of policy natters.. 

Executive Council, consisting of the Assistant Directors or their 
designees and the Directors of all staff offices within the 
Office of the Director, will serve as a forum for consultation 
and conununication within the Foundation, one of its principal 
purposes will be to insure that proposed changes to policies and 
practices are adequately discussed by appropriate Foundation 
staff prior to implementation. Executive Council will continue 
to review all task force and committee reports, and will 
coordinate executive activities such as budget planning and 
quarterly reviews. Dr. Bernthal will chair "the Executive 
Council . 




Distribution: All Employees 
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